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Abstract 
Overpopulation, poverty and land degradation are widespread phenomena in many 
upland areas in South and South East Asia. However, the literature dealing with these 
problems is characterized by unwarranted assumptions and a high level of 
generalization with respect to the nature and extent of degradation, the behaviour of 
farmers and the wider social, political and economic context in which farmers operate. 
This thesis inquires into the development of land use in a particular upland area, the 
Gunung Sewu, a in Java, in order to test how these notions and assumptions will stand 
in the face of empirical evidence. The Gunung Sewu is a limestone area which is widely 
believed to be poor and degraded. Immigration from the densely populated lowland 
areas resulted in rapid population growth which caused the expansion and 
intensification of agriculture in the area during the 19th century and the first four 
decades of this century. From the 1940s, throughout the 1950s and 1960s, the 
population was plunged into a long crisis concurrenUy with the adverse, political and 
social conditions in Java as a whole. The general economic situation greatly affected the 
area, already disadvantaged by its marginal environment, lack of infrastructure, social 
and economic backwardness, and deprived the population of the means required to cope 
with their large and growing numbers. During this period, the area suffered greatiy from 
droughts and rat pests, to which it had become extremely susceptible as a result of the 
expansion of agriculture onto marginal land and land degradation. Poverty and and 
malnutrition became rampant. 
From 1967 onwards, after the installation of the new order government, various 
opportunities presented themselves in the form of off-farm inputs, larger and more 
accessible markets for agricultural produce and more employment opportunities outside 
farming. These enabled the farmers to increase the productivity of their land and to 
strengthen their household economies. These new developments introduced new forms 
of land use, such as tree growing, and stimulated the farmers to maintain and improve 
land management practices, such as terracing, which had gradually developed under an 
increasing population pressure. As a result, crop cultivation has now become more 
sustainable than it was twenty years before. Increased diversification in farming and 
non-farming pursuits alike has equipped the population with means to cope with the 
disturbances affecting crop cultivation in the area, while constant out-migration has 
reduced population growth to a very low level. As a result, the general welfare situation 
improved. Lessons which can be drawn from this case study concern the relativity of 
land productivity and land degradation, the role of stability, the land manager's capacity 
for adaptation, and the strong connection that exists between the problems in upland 
areas, their regional position, and, general conditions in the wider economy and society. 
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Note on the pronunciation of Javanese words 
Words are pronounced as in Indonesian, with the following exceptions: 
a = as in English 'all' 
d = d with the tip of the tongue curled back to the palate 
t = t with the tip of the tongue curled back to the palate 
Note that: 
e = as in 'take' 
e = as in 'bed' 
e = as 'ai ' in curtain 
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Glossary 
Only those terms are included that occur unexplained in the text. They are Javanese, 
unless otherwise indicated. 
Ind. 
Du. 
Ger. 
Indonesian 
Dutch 
German 
hist. = historical 
babad 
bagaber 
bawon 
bekel 
cacah 
desa 
dukuh 
emping 
gaduhan 
gapldk 
garebeg 
gunungan 
jagulan 
Karren 
labuhan 
mdncdnagdrd 
marengan 
nagdrd 
nagdrdgung 
pdldgdrd 
pdld wijd 
patuh 
pekarangan 
pikul 
rukun gaw€ 
sambatan 
sawah 
setrdn 
sultan 
sunan 
susuhunan 
tanah AB 
tebasan 
tegal 
tiwul 
: Javanese chronicle 
: period of food shortage, famine (see gaber) 
: share in the rice harvest accruing to those who have participated in 
cutting the paddy 
: (hist.) person contracted by an appanage holder to collect taxes and 
organize labour services from the peasants cultivating the land in the 
appanage 
: (hist.) household liable to taxation or labour services 
: village, administrative unit 
: hamlet, part of a desa 
: roasted half-mature paddy, dehusked by pounding; emping mlinjo -
emping prepared from the fruits of the so tree (Gnetum gnemon) 
: livestock raising arrangement in which owner entrusts another person 
with the care of his animal(s) in return of part of off-spring or profit 
: sun-dried cassava 
: (hist.) bi-ennial, later annual occasion on which population honoured 
the sovereign in the capital 
: rice mounds carried in the procession at garebeg 
: (hist.) semi-annual sultanate tax of 25 ct per jung, meant as a substitute 
for carrying the gunungan 
: (Ger.) micro-karst forms 
: fallow land that has been prepared just before the beginning of the rainy 
season 
: (hist.) outer provinces of a kingdom 
: fallow land, cleared after the rains have started, to be cropped during 
the mareng season 
: (hist.) the state; its capital 
: (hist.) inner provinces of a kingdom 
: fee paid to village officals on the occasion of weedings and other 
festivities 
: field crops other than rice 
: (hist.) appanage holder 
: house lot 
: (Kr. rembat) a shoulder load, carried with a carrying pole 
: (hist.) comee work demanded by the state for the maintenance of 
certain highways 
: calling in unpaid assistance of one's neighbours 
: bunded field in which water is impounded for rice cultivation 
: garden crops, also pdldwijd 
: title of the sovereign of Yogyakarta 
: (hist.) tide of the sovereign of Surakarta 
: (hist.) title of the sovereign of Kartasura 
: (Ind., Du.) written-off forest 
: to buy up field or tree crops when they are still in the field, while 
taking care of the harvest oneself 
: dry-cultivated field 
: steamed cassava dish prepared from pounded gapldk 
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Abbreviation 
AB 
Bappeda 
BIMAS 
BPP 
BPS 
CRIA 
DIY 
Diperta 
FAO 
Inpres 
IRRI 
KB 
KUD 
Pemda 
PKI 
PLP 
Rp 
USDA 
voc 
Tanah -: Afgeschreven Bos, written-off forest land 
Badan Perencanaan Pembangunan Daerah, regional planning board 
Bimbingan Masai, Mass guidance: governmental credit and input 
supply scheme for various crops 
: Balai Penyuluhan Pertanian, a^cul tura l extension centre 
: Biro Pusat Statistik, central office for statistics 
: Central Research Institute for Agriculture, Bogor 
: Daerah Istimewa Yogyakarta, Yogyakarta Special Region 
: Dinas Pertanian Ral^at, service for smallholders' agriculture. This 
service deals primarily with food crops 
: Food and Agriculture Organization 
: Instruksi Presiden, Presidential Instruction 
: Intemational Rice Research Institute 
: Keluarga Berencana, national family planning programme 
: Koperasi Unit Desa, village unit cooperative 
: Pembangunan Daerah 
: Partai Komunis Indonesia, Indonesian Communist Party 
: Petugas Lapangan Penghijauan, regreening officer 
: Rupiah 
: United States Department of Agriculture 
: Verenigde Oost-Indische Compagnie, Dutch East-Indies Company 
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List of deflnitions 
This list gives definitions of terms used in the text, which may be defined differently 
elsewhere, or which have meanings, that are not immediately clear. Sources, if any, are 
given in brackets, but definitions given may not necessarily correspond entirely to those 
used in the sources. 
circular migration 
daygain 
degradation 
equitability 
erosion 
extensification 
fallow 
farm expenses 
farmer 
farm system 
farming system 
field 
field crops 
forest land 
fruit crops 
garden crops 
gross farm income 
gross replacement cost 
hamlet 
highlands 
home garden 
house lot 
household 
intensification 
: temporary migration, with migrants regularly returning home 
: total net income divided by total input of family labour in 
workerdays 
: net change in the natural resource base that results in the 
reduction of the productivity of a land use system or farming 
system 
: property of a farming system indicating to what extent its 
benefits are evenly distributed among the people (Conway, 
1982: 5) 
: shorthand for accelerated or anthropogenic soil erosion 
: decrease in inputs of production factor A applied to one unit of 
production factor B (see intensification) 
: resting of land during one or more cropping seasons (non-
cultivadon during the dry season only is not regarded as 
fallow) 
: the value of inputs used up or expended in farm producdon, 
excluding family labour (Dillon and Hardaker, 1980: 43) 
: the decision maker(s) on the farm 
: agro-ecological system which is formed by one farm 
(Ruthenberg, 1980); a farm system may consist of more than 
one land use systems 
: class of farm systems with common features (Ruthenberg, 
1980) 
: any plot belonging to a landholding, except home garden 
: annual crops grown on a large scale: rice, maize, cassava, 
groundnut, soybean 
: state-owned land designated for forestry 
: produce from perennials, including industrial crops such as 
kapok, but wood excluded 
: annual or biennial crops grown on a small scale (chillies, taro, 
cocoyam, various legumes etc.) 
: the value of the output of the farm over one year, whether that 
output is sold or not (Dillon and Hardaker, 1980: 43) 
: the cost a household would have to pay if it had to buy a 
product it produces itself (i.e. retail value) (Dillon and 
Hardaker, 1980: 43) 
: settlement nucleus {dukuh), part of a village 
: areas over 1000 m 
: plot section on the house lot where cultivation of garden crops 
and fruit crops is most intensive (the homegarden usually 
comprises the entire house lot, but not always) 
: plot on which the household's dwelling is found 
: a group of people, usually a nuclear family or extended family, 
living together and pooling their resources 
: increase in inputs of production factor A applied to one unit of 
production factor B (increase of labour inputs on land, when 
no further qualifications are given) 
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intercropping 
intermittent cultivation 
involution 
land management 
land use density 
land use type 
land use system 
landholding 
lowlands 
marginal 
mixed cropping 
mixed garden 
net farm income 
net household income 
net selling price 
off-farm employment 
permanent cultivation 
permanent migration 
plot 
plot section 
productivity 
regreening 
relay cropping 
resilience 
shared poveny 
soil depletion 
stability 
: form of cropping with more than one crop on a given land area 
at one time arranged in a geometric pattern (Norman, 1979: 
138) 
: cultivation interupted by fallow periods 
: state of agricultural production in which the marginal product 
of each labour input added equals the average labour product 
(Geertz, 1963) 
: management aimed at restoring or maintaining the productive 
capacity of land within the confines of a certain land use 
system 
: the proportion of land under cultivation at one single time 
: main class of agricultural land use, e.g. irrigated field, dry-
cultivated field, mixed gardens, forest etc. 
: agro-ecological system associated with a certain land use type 
: the totality of plots cultivated by one household (including 
rented plots etc.) 
: the relatively flat lower regions on the island (below 500 m), 
where wet rice cultivation predominates 
: of low intrinsic productivity capacity (of land) 
: form of cropping with more than one crop on a given land area 
at one time, but not arranged in a geometric pattern (Norman, 
1979:138) 
: land use type consisting of a combination of annual and 
perennial crops 
: the difference between gross farm income and farm expenses 
(Dillon and Hardaker, 1980: 43) 
: the sum of net farm income and any other household income 
(Dillon and Hardaker, 1980: 44) 
: the price which the farmer receives for his products, i.e. after 
deduction of marketing costs, farmgate price (Dillon and 
Hardaker, 1980: 43) 
: all cash earning activities conducted by the members of a 
household outside their own farm, i.e. the farm as an 
agricultural production unit 
: cultivation of annual crops in each consecutive cropping 
season 
: form of mira t ion whereby the migrant has left his home for 
good (cf. circular migration) 
: a contiguous unit within the landholding 
: section of one plot, e.g. fallowed hillside land, cultivated 
hillside land, valley bottom 
: production per unit 
: tree planting campaign on farmland 
: form of cropping with more than one crop on a given land area 
planted at different times, the later crop (or relay crop) being 
planted before the earlier crop or crops are harvested (Norman, 
1979:138) 
: ability of an agro-ecological system to absorb or overcome 
interference (Blaikie and Brookfield, 1987: 10-11) 
: social mechanisms through which equitability is achieved 
under conditions of poverty (Geertz, 1963) 
: the taking up of soil nutrients by crops in excess of 
supplements 
: the capacity to keep productivity constant in the face of 
disturbances caused by the fluctuations of climate and other 
environmental variables (Conway, 1982: 5) 
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sustainability 
transmigration 
village 
upland farming 
uplands 
the capacity to maintain productivity in the long run (Conway, 
1982:5) 
inter-island resettlement 
administrative unit {desa) consisting of a number of hamlets 
dty farming with predominantly annual crop systems 
hilly or mountainous regions where dry farming predominates 
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Chapter 1 
Introduction 
1.1 The problem 
When I set out to write a thesis on the management and mis-management of land in 
upland Java, a reading of the literature suggested that I chose Gunungkidul District, 
southeast of Yogyakarta. Here, it seemed, was an area reduced to a desperate condition 
of deforestation, erosion and degradation, in which the pressure of a growing population 
was forcing people to do ever more damage to their land in order to extract a meagre 
living. When I first visited Gunungkidul District in February 1988 I experienced a great 
surprise. There were indications that farmland had been brought under better 
management, was in some areas being reforested and that its people were not in dire 
need. While the view gained from these first impressions underwent some important 
modifications during my main period of fieldwork between October 1988 and August 
1989, it was not again completely reversed. This led me to ask two questions: had 
conditions in the Gunungkidul District not been as bad as they had been depicted, or, 
had they improved? 
The conditions encountered in Gunungkidul District did not quite agree with 
what would seem to be widely believed about many upland areas of humid South and 
Southeast Asia, and of some other tropical and sub-tropical areas: that these areas are in 
a state of environmental crisis as a consequence of growing pressure of population. 
Eckholm (1976) is the most eloquent of a group of writers who present this point of 
view (Osbom, 1948; Soemarwoto, 1974; Brown, 1978; Smil, 1984; Donner, 1987). The 
common argument of these writers is that fast-growing populations are struggling to 
survive at a bare subsistence level on degraded uplands that have been taken into 
permanent cultivation within the span of only a few generations. Living standards 
among the upland people are significandy lower in comparison with those of lowland 
people; there is heavy out-migradon; poverty is worsening, and there is a vicious circle 
leading toward greater poverty and greater land degradadon. 
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1.2 Bio-physical processes involved in land degradation 
There can be no doubt that upland areas in the humid tropics^ have, other things being 
equal, environments that are more susceptible to land degradation than that of the 
lowlands. The combined effects of climatic hazards related to the high temperatures and 
the variation and intensity of rainfall, edaphic problems, such as extensive leaching, 
rapid breakdown of organic matter, poor soil structure, and biotic perils, such as the 
flourishing of weeds, fungi and parasites quickly exhaust the fertility of the soil, and 
make continuous dry-field farming subject to high risk of prolific weed growth 
(MacArthur, 1980: 21-24). On sloping terrain, soils, when cleared of their natural 
vegetation, also become susceptible to erosion by high intensity rainfall which is 
common in the tropics. Bare soil is exposed to the direct action of rain, and the impact 
of raindrops causes detachment of soil particles which are then carried away in water 
moving over the soil surface^. 
Apart from being no longer being protected by vegetation, bare soil also 
experiences a reduction in organic matter necessary for supporting the animals and 
micro-organisms which bind the smaller soil particles into aggregates, hinder their 
detachment and maintain high infiltration rates of the soil. Ensuing run-off will 
inevitably cause erosion, particularly on long steep slopes (Greenland, 1977: 3, 17). 
Erosion may result in the formation of deep gullies which may link together and 
devastate a whole landscape; it may remove the surface soil without causing gullies to 
develop, and expose a nutrient-poor subsoil on which it is more difficult to establish 
vegetation or crops, reducing productivity. Other unfavourable effects arise due to 
reduced permeability and water holding capacity of the newly exposed subsoil, which 
increases run-off and thereby soil erosion. Thus a continuing cycle of soil deterioration 
develops. The incision of gullies may lower the water table causing a more deleterious 
effect on crops or vegetation in the surrounding area during dry periods (Greenland, 
1977: 5). In addition, landslides and mudflows may occur or become more frequent on 
1. The humid tropics may be denned as those parts of the u-opics which have at least seven and a half or 
more months with rainfall exceeding evaporation. With monthly evaporation levels being about 100 
to 150 mm total annual rainfall is at least 1000 mm. This largely confines the area between 10^ 
northern and 10® southern latitude. The natural vegetation is forest, although anthropogenic 
savannahs may be found in the drier parts of the zone. Under these conditions wind erosion does not 
normally occur (cf. Greenland, 1977: 4) 
2. High intensity rains often occur at the start of the rainy season when the bare fields are being prepared 
for planting and sowing. High rates of erosion have been reported particularly for this part of the 
cropping season (Bleeker, 1983: 190). 
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slopes without a sufficient vegetation cover, as clearance causes a decline in the shear 
strength of the soil after tree roots have decayed (Morgan, 1986: 34). Soil permeability 
is often reduced where eroded material is deposited, as the fine particles settle into the 
water-conducting pores of the soil profile. It may also lead to the burial of crops, to 
siltation in downstream river beds and water reservoirs, whereas the large amounts of 
run-off cause floods and riverbank erosion in lower areas (Greenland, 1977: 5) 
1.3 Population pressure, poverty, and land degradation 
It is argued in the above mentioned writings on the problems of upland poverty and land 
degradation that indigenous management systems are generally unable to cope with the 
growing demands placed on the land by a growing population and the inability of the 
land to sustain production due to these degrading natural forces. Degradation and a 
steep decline in productivity are therefore inevitable. The people in the uplands do not 
have the resources to sustain the land; degradation of the land makes them poor. 
Consequently, they appear indifferent or even irresponsible. Hence, a vicious circle of 
poverty and land degradation is created, further exacerbated by a continuing population 
increase. 
However, this schema leaves us with many questions. There may be other 
factors contributing to the production pressure on land besides population growth 
(Blaikie and Brookfield, 1987: 240-241). Upland populations may have been unable to 
make the necessary adjustments in their resources managment practices, because of the 
ecological marginality of their environment, but also because their adjustment is 
hampered by the prevailing social-political structures or regional inequalities, depriving 
large parts of the population of access to the resources necessary for sustainable land 
management (cf. Chapman, 1978: 216). Land degradation also does not necessarily 
affect only the long term productivity of upland production systems, but its stability as 
well. These processes may be arrested or reinforced by extreme bio-climatological 
events. The causes of land degradation are not necessarily anthropogenic, neither should 
all degradational processes be regarded as irreversible: there may be potential for repair. 
The role of land degradation in causing or perpetuating poverty in upland areas, in 
comparison to other factors, may be exaggerated. It also seems doubtful that ignorance, 
indifference, lack of responsibility or cultural backwardness among the farming 
populations of the upland areas have played any significant part in causing land 
degradation. 
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How much can actually be assumed in widely accepted explanations of the 
dimensions and causes of land degradation in upland areas has been demonstrated for 
the Kingdom of Nepal. This country has been a classic site for study of land degradation 
in upland areas, and one in which 'heroic' assumptions have characterised a major part 
of the literature. Confronted with exaggeration both of the human role in causing 
erosion, and of erosion itself, and of a failure to appreciate the efficacy of land 
management systems undertaken with the most limited resources, Blaikie and 
Brookfield (1987: 47-48) suggest there is a 'crisis in explanation' in this country. More 
recently, Ives (1988) and Ives and Messerli (1989) have attempted comprehensively to 
dismantle what they term the 'theory of Himalayan environmental degradation'. This 
'theory' is presented in an eight-point scenario under which modem deforestation and 
cultivation of the Middle Hills, made necessary by rising population numbers using a 
fragile resource base, lead to a prediction of environmental and socio-economic collapse 
by the year 2000. The 'theory' assumes that deforestation, and with it the scale of 
erosion, and of floods and sedimentation in the lowlands, are essentially recent 
phenomena; criticisms are directed in particular at farmers' behaviour in the matter of 
firewood, fodder and mulch collection from the remaining forests^. Relying especially 
on the findings of Carson (1985) that only a small part of total erosion in the Himalaya 
has other than natural causes, or is new, and reviewing modem data on forest 
management, the role of women, land tenure and the effects of taxation, the authors 
suggest that a more cautious perspective is required. 
To suggest that this schema of population pressure-poverty-environmental 
degradation is too narrow, is not to deny the existence of major problems in many 
upland areas, or of staggering rates of population growth, widespread degradation and 
appalling poverty. It is, however, important that we do not accept an inevitable and 
irreversible chain of causation between, population growth, poverty and land 
degradation. To do this is to risk not only an unbalanced appreciation of underlying 
mechanisms, but also failure to see potential solutions. Blaikie and Brookfield (1987) 
have argued the case for a much fuller appreciation of the total conditions under which 
land management decisions are made, in societal, historical and geographical 
perspective. The reasons why land management may fail are extremely varied, and in 
3. There is also evidence that fanners have adjusted their farming system to the increasing scarcity of 
forest-based resources. In an upland area in Nepal, fanners had taken the initiative to grow more U"ces 
on their land to support their farming system and had done so with considerable efficacy and skill. As 
a result, tree densities had increased tremendously over a 20 year period (Seminar held by A. Carter 
on: "Forests and Farmers in Nepal: changes in the relationships over the past 20 years. ANU, 24 
August 1988). 
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order to understand how failures come about, a thorough understanding is required of 
the changes in the natural resource base, of the broader changes in society to which land 
managers respond, and of the specific conditions of the land managers themselves. The 
agrarian literature and the literature on land degrading processes have been produced 
largely in isolation from one another, and the kernel of Blaikie and Brookfield's 
argument is that they need to be brought together. 
1.4 The case of Java 
In Java the uplands are generally regarded as marginal to the rice-growing lowlands in 
which most Javanese live; they are regarded as poverty regions, and as the main focus 
of a massive complex of deforestation, erosion and land degradarion problems 
(Hardjono, 1986: 4-6). In Java too, there is a widely shared view that high population 
growth has created excessive pressure on the productive capacity of local resources and 
has set into motion a vicious circle of poverty and environmental degradation 
(Eckholm, 1976: FAO, 1977; Wiersum, 1980; Daryadi & Bratanihardja, 1981; Palte, 
1984; Donner, 1987; Palte, 1989). Although the general validity of the view that 
population pressure causes tremendous problems in Java's uplands, cannot be denied, 
there is generous use of blanket and indiscriminate terms like 'population pressure' and 
'maladaptation'. It is seldom spelled out why and along what mechanisms population 
pressure has impinged on land management. In writings on the problems of the uplands, 
we find unwarranted assumptions and simplifications on the nature of land degradation, 
the role of upland farmers and the wider political, economic and social context in which 
the problems of the uplands have arisen. The first steps towards a more accurate and 
balanced assessment of developments in Java's uplands was made only recently by Palte 
in his comprehensive study of upland farming on Java (Palte, 1989). 
There is also a tendency, notably among policy makers, planners and extension 
workers, to 'blame' upland farmers for the degradation of environmental resources. 
Some authors have stated that the overriding importance of short term needs has led to a 
situation in which farmers are only concerned with short term objectives and neglect the 
long term management of their land (Affandi Anwar, 1982: 145; Sumaryati & Sutedjo, 
1985). Others even go as far as to imply that farmers behave irresponsibly in not taking 
proper care of their resources'^, whereas others assume that farmers are largely ignorant 
4. The following may serve as an illusu-ation: "A number of activities such as suipping the land of its 
forest vegetation, shifting cultivation, deliberate burning of forest, as well as improper cultivation 
methods, are carried out by people wishing to exploit natural resources in order to benefit from them 
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of the long term degradational processes which they cause (cf. FAO, 1977; Soetino 
Wibowo, 1978; Tarwatja, 1985). 
While the population of the uplands is reduced to poverty, degradation, it is 
argued, has assumed very serious proportions, causing floods in downstream areas 
during the rainy season, shortage of water during the dry season, and massive siltation 
in reservoirs. It has even been suggested that Java is on its way to becoming a 'desert' 
(Thijsse, 1977). Less dramatic, but not much more optimistic is the following 
observation by Donner: 
"The population pressure in Java has already reached such a level that 
there is hardly any chance of implementing the necessary techniques to 
establish a new equilibrium" (Donner, 1987: 131). 
It was partly in reaction to the simplicities and unwarranted assumptions 
contained in these views that I decided to undertake doctoral research on the 
management of land in Java's uplands. To do this in Java would also provide the 
opportunity to test the interrelationship between degradation and the specific position 
marginal regions may have in the larger society and economy. 
in the quickest way possible. They indeed obtain substantial benefits, but at the same time they cause 
continuous erosion" (Soetino Wibowo, 1978: 1; translation jwn) 
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Chapter 2 
Upland farming and land degradation in Java 
2.1 Introduction 
This chapter starts with a brief overview of the expansion and development of upland 
cultivation in Java until the present time. This is followed by a discussion of the 
observations, views and hypotheses found in literature dealing with conditions in Java's 
uplands. After dealing with the environmental aspects of the subject, the behaviour of 
individual land managers at the farm level will be considered. The discussion will then 
progressively move outward to include differences between households and inter-
household relations, the impact of migration, and, finally, the broader context in which 
developments in the uplands have been taking place. On the basis of these discussions, a 
number of operational questions is formulated. Subsequently, the methodology used in 
this study and the selection of the study area are explained. The chapter concludes with 
an outline of the structure of the rest of this thesis. 
2.2 The expansion and intensification of upland farming in Java 
Two thirds of the land surface in Java comprises hilly or mountainous areas, of which 
roughly two fifths consist of largely Quaternary strato-volcanoes and the other three 
fifths are made up of Ternary limestone and marly hill country l. Around the beginning 
of the 19th century little of this upland area was yet inhabited. The largest population 
concentrations were found on the lower foot slopes of volcanoes and on the gently 
sloping alluvial plains where there was scope for the cultivation of rice {Oryza sativa) 
on sawah (irrigated fields). Only about one-seventh of the island was in cultivation and 
most of the rest of the island had remained wilderness (Raffles, 1817, I: 71). Here, 
forms of shifting cultivation may have been in use at that time. The total population was 
still small; In 1815, it was estimated to be 4.6 million people (Raffles, 1817, vol. 2)2. 
1. The geographical handbook of Indonesia published by the Naval Intelligence Division of the UK 
(1944: 131-135) gives the following geological distribution of Java's land surface: Quaternary volcanoes: 
28 per cent; Upper Tertiary sediments, partly old-volcanic, partly calcareous: 38 per cent; Quaternary 
sediments (largely alluvial deposits): 33 per cent. 
2. Although this estimate is probably too low (cf. Breman, 1963), it does show that the population at that 
time was still incredibly small, when compared to the present population of over one hundred million. 
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Wet rice cultivation on irrigated fields had already reached a high level of 
development during the time of the early Hindu kingdoms in the eighth to tenth 
centuries AD. The existence of strong kingdoms probably made large scale irrigation 
schemes possible (Wittfogel, 1975: 67-72), and these kingdoms also required the 
schemes to sustain large controllable populations, which could not be achieved under 
conditions of shifting cultivation (Dove, 1984: 12-17)3. 
Generally, litde information exists on rainfed cultivation before 1800, as it received 
little interest from the state. Dry-cultivated fields had long been exempted from taxation 
(cf. de Jonge, 1983: 263), and hence, were rarely mentioned in inscriptions or other 
official texts. Rainfed fields were only referred to when they were converted into sawah 
(van Setten van der Meer, 1979: 33). However, shifting cultivation is probably the 
oldest form of land use on the island. Also, after the development of wet rice 
cultivation, it continued to be practiced in less densely populated areas, including 
uplands. The wilderness of Java has long served as a resort for people or communities 
who wished to stay outside the control of the kingdoms. They probably subsisted by 
practising shifting cultivation^. Vast stretches of alang-alang (Imperata spp) and 
glagah (Saccharum spontaneum), probably resulting from shifting cultivation and 
hunting practices, akeady existed at that time (Pigeaud, 1960, IV: 146-147; Barrett-
Jones, 1984: 52-56). 
3. Small scale sawah cultivation does not need to be associated with high population densities, since 
labour-extensive forms may develop in a variety of natural circumstances, whenever it is technically easy 
to get the water onto the land in valleys of sufficient gradient or in swamps (Vink, 1946: 281-282). It is 
likely that these forms of sawah cultivation antedated those involving major hydraulic constructions and 
larger irrigation areas (cf. van Setten van de Meer, 1979). 
4. It was probably practised by the members of mandala, isolated religious communities which existed in 
the wooded hills of the interior of 14th century Majapahit (Pigeaud, 1960, IV: 486). Dove suggests that it 
was the possibility to make swiddens in the wilderness that made flight from the centres of state power 
not only possible, but also attractive in comparison to the more intensive irrigated rice agriculture within 
the kingdoms, as the returns to labour were higher under shifting cultivation and no taxes could be 
imposed upon these refugees (Dove, 1984: 12-14). 
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The expansion of upland cultivation 
Most large scale clearing of forest for intensive upland cultivation seems to have 
occurred during the last 150-200 years5. This expansion was related to increasing 
population numbers in the existing agricultural areas. Pake (1989: 40-49) has suggested 
three waves of upland clearance and occupation in response to political and economic 
developments. The first period of upland clearing and settlement, during the first three 
decades of the 19th century, originated from the principalities in Central Java 
(Vorstenlanden) and was related to the heavy taxes and labour duties imposed on the 
population (Meijer Ranneft, 1916: 64-5; Burger, 1975: 63), as well as the devastation of 
the war of 1825-1830 in this area (cf Junghuhn, 1850). 
The second and most important wave occurred between 1860 and 1925. According 
to Palte (1989: 42-43), population growth, the abolition of the cultivation system, and 
the consequent liberalisation of the economy, as well as a policy of active stimulation of 
upland cultivation, all contributed to this expansion. Others have emphasized the desire 
of the population to escape from onerous land taxes and corvee work in the lowlands 
(Burger, 1938: 428; Houben, 1987: 300), which gave rise to illegal forest clearance and 
land occupation. The construction of roads, railways and tramways opened up new 
regions and facilitated the occupation of upland areas (Hasselman, 1914: 188, 194). 
The colonial government itself made a major contribution to the expansion of 
upland cultivation when it ordered large tracts of mountain forest to be cleared. Mostly 
this was to establish government coffee estates under the compulsory cultivation 
system. Subsequently the government coffee service ceded large parts of no longer 
productive coffee land to the population, while establishing new coffee land on newly 
cleared forest land (Altona, 1914: 254-255; Burger, 1938: 424). Migrants moved into 
these areas from all over Central and East Java. After 1870, when a series of new 
agrarian ordinances permitted private enterprise to exploit previously unoccupied land, 
European entrepreneurs also moved into upland areas to establish plantations of tea, 
rubber, coffee, cinchona and cocoa. (Gonggrijp, 1957: 116-127). The occupation of 
upland areas came to a halt when land suitable for agriculture became scarce. 
Government policy became increasingly strict and finally prohibited new forest 
clearings in 1938. The colonial government had become more and more concerned 
about the need to conserve the remaining forest for watershed protection. However, by 
5. The area of irrigated and rainfed sawah also expanded during this period, partly involving the 
conversion of earlier reclaimed dry land, but, especially after the 1920s, it expanded at a much slower rate 
than dry-cultivated land (Booth, 1988: 37-38, 107). 
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the time forest boundaries were fixed in the 1920s and 1930s, many steep, erosion-
prone slopes, and marginal lands had already been taken into cultivation. A third 
expansion of upland cultivation, mainly by smallholders, took place during the Japanese 
occupation and the national struggle for independence (1942-1950). New stretches of 
forest land were occupied and private estates were squatted on by the rural population 
(Bryant, 1973: 220-221). 
The intensification of upland cultivation 
Following the occupation of new land areas, upland agriculture went through a number 
of transformations. Originally, it probably still involved forest fallows or bush fallows, 
especially in remote areas, (cf. Cordes, 1881: 137-139; Verwijk, 1888: 191), but in 
more densely populated areas fallow periods were generally short allowing only for 
short bush or grass fallows (Crawfurd, 1820,1: 361, 369). On the higher slopes of the 
volcanoes this was still the case towards the end of the 19th century (Veth, 1903: 182, 
434-435, 468, 508). Nowadays fallowing has disappeared from most areas6, though not 
from the Gunung Kidul, as we shall see below. 
This first step of intensification became necessary when the expansion of arable 
area was outstripped by that of population growth. This situation had come to prevail in 
all of Java after 1920 (Booth, 1988: 100). Eventually, the arable area could no longer be 
expanded. In a number of regions the process of intensification was precipitated by the 
delimitation of forest reserves, and concessions by the colonial government to private 
enterprises, depriving the population of part of their land base (Vink, 1946: 279-280). 
Village communal grazing grounds gradually disappeared (Donner, 1987: 71, 77). 
Cropping systems changed from single cropping to multiple cropping (cf Palte et al., 
1981: 33). These practices were increasingly supported by the construction of terraces 
and the use of animal manure. Stall-feeding systems developed, allowing the collection 
of dung. On the whole, agriculture became more labour-intensive as a result of more 
elaborate tillage and cultivation techniques. 
6. In 1963 a total area of 185,532 hectares was still officially regarded to be under shifting or fallow 
cultivation (perladangan). In 1973 it had declined to 62,623 hectares (BPS, 1964; BPS, 1974). 
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It is probable that first millet7 and later rice were the main food crops in rainfed 
agriculture on the island (Veth, 1903: 3-6)8. With the expansion of upland cultivation, 
maize {Zea mays), earlier introduced from the Americas and being a less soil nutrient 
demanding crop, was already becoming increasingly important in Raffles' time 
(Raffles, 1817: 121). As the number of people to feed increased continuously, farmers 
were forced in a number of areas to shift to more calorie-generating and less nitrogen-
demanding crops in a sequence of rice, maize to cassava9 (Manihot esculenta) from 
1900 onwards (Koens, 1948: 176; Table 2.1). Generally, subsistence-based annual crop 
systems came to predominate in the uplands. However, in areas of reasonable soil 
fertility, with marketing opportunities and sufficient sawah land, semi-commercial 
mixed gardens developed on rainfed land, characterized by a mixture of annuals and 
perennials, while the population in the highlands 10 took up the production of temperate 
climate vegetables to meet the demand of European and Chinese consumers in urban 
areas (Palte, 1989: 75-88). 
7. The species presently cultivated on the island is Selaria iialica (L.) Beauv., Syn. Panicum italicum L.; 
Chaetochloa iialica (L.) or foxtail millet. The species grown in the Indonesian archipelago in ancient 
times was probably a cultivar of Panicum eras galli L. or barnyard millet (Heine, 1950: 217-218). 
8. However, Scheltema (1936: 9) quotes Sollewijn Gelpke's view that at the end of the 18th century rice 
was not generally eaten all across Java, but that the diets of many people consisted to a large extent of 
root crops and sweet potatoes. Scheltema argued himself that it was the expansion of irrigation land 
throughout the 19th century and the early 20th century which led to the rapid growth of rice production 
and consumption in Java. 
9. Throughout the 19lh century cassava had been insignificant as a food crop in Java. When during 
World War I rice imports stagnated resulting in shortages of food supply, the cultivation of cassava 
started to expand enormously, partly stimulated by the colonial government (Koens, 1948: 71). 
10. Highlands are defined as land located over 1000 m above sea level. 
28 
Table 2.1 Average annual harvested area (percent) and yields (ton/ha) of main dry-cultivated food 
crops in Java and Madura, 1916-1964 
Period Harvested area Yield 
hiU 
rice 
maize cassava total 
(lOOOxha) 
hiU 
rice 
maize cassava 
1916-20 15 62 23 2778 _ _ _ 
1921-25 13 59 27 2710 1.09 0.83 7.53 
1926-30 15 61 23 3078 1.25 0.72 7.93 
1931-35 13 64 23 3175 1.20 0.95 8.22 
1936-40 11 61 28 3407 1.24 0.97 8.31 
1950-55 9 61 30 2704 1.14 0.82 6.95 
1956-60 8 58 34 3117 1.20 0.89 7.43 
1961-64 9 58 32 3760 1.54 0.98 7.15 
Source: Centraal Kantoor voor de Statisiiek, various issues; BPS: Statistik Indonesia, various issues. 
Note: Harvested areas for maize and cassava are total harvested areas for legal and sawah. The harvested 
area of cassava on sawah is probably negligible, but the harvested area of maize on sawah is larger 
and probably obscures u^ends in upland cultivation to some degree. 
According to calculations made by Booth (1989: 42), food crop output per 
agricultural worker in Java remained more or less at the level of 870 milled rice 
equivalents! 1 over the period 1920-1940, but had dropped to a little over 700 rice 
equivalents in 1959-1963. Clearly, this was a period of impoverishment for lowland and 
upland populations alike. This situation may have been caused by a failure of the 
prevailing farming systems to feed a growing population in spite of intensification, but 
it may be equally attributed to the adverse conditions brought about by the Japanese 
occupation, the struggle for independence and the subsequent years of economic 
stagnation. Unfortunately, separate calculations for sawah and tegal cultivation cannot 
be made with the available statistics. However, from Booth's figures it can be 
calculated that productivity per harvested hectare increased over the period 1920-1940 
from 1100 to 1266 rice equivalents, but was in 1959-1963 no more than 1251 rice 
equivalents per hectare. With wet-cultivated rice yields being fairly constant throughout 
this period (Booth, 1988: 38), it can be inferred that this pattern largely reflects changes 
in yields of crops other than sawah rice, and particularly yields of these crops grown on 
tegalan, since 70 per cent of all crops other than sawah rice were grown in on tegalan 
throughout this period (Booth, 1988: 122). The yield figures shown in Table 2.1 
generally confirm this pattern: crop yields increased in the period 1920-1940; after 
which both harvested areas and yields fell during the 1940s. During the 1950s they 
11. Rice equivalents were calculated on the basis of calorie content. 
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started to rise again, but least of all for cassava. Although the calorie output per hectare 
apparently did not decrease very much, the partial shift from cereals to cassava caused 
the protein output per agricultural worker to decrease more rapidly than calorie 
o u t p u t l 2 . In the end, large parts of the rural population were so impoverished that 
chronic malnutrition became rampant, particularly in limestone regions, where cassava 
had become the staple (Bailey, 1961: 217; Napitupulu, 1968: 63). 
With the expansion of upland farming, and particularly with its intensification, the 
perils of soil fertility management and erosion made themselves felt. Already during the 
second half of the last century, when the large scale occupation of upland areas was in 
full swing, wamings were voiced about the 'stealthily' (sic) mounting danger of erosion 
to which upland areas became exposed. This awareness grew with the decline of soil 
fertility and consequently the fall in production in government coffee plantations (cf. 
Holle, 1866; Ossewaarde & Wellensiek, 1946: 99). These concerns, however, had little 
effect on upland cultivation by the indigenous population 13. From early 1900, the 
colonial government also became increasingly concerned about the apparently adverse 
effects of deforestation on the hydrological cycle and thereby on the supply of irrigation 
water in the lowlands. Considerable pressure was exerted by the sugar industry on the 
government to stop this process (cf. Altona, 1914; Algemeen Syndicaat van 
Suikerfabrikanten in Nederlandsch-Indie, 1931). The European mountain estates 
quickly learned their lesson and incorporated soil conservation measures into their 
management, but it seemed that the indigenous population lagged behind in carrying out 
soil conservation measures (Ossewaarde & Wellensiek, 1946: 99). Only around 1937 
did the agricultural extension service start to pay serious attention to the propagation of 
soil conservation techniques among the indigenous population in some regions 
(Thorenaar, 1946: 28). During the Japanese occupation and the early years of 
independence litde was done to stimulate soil conservation measures. 
12. The FAO food composition table for East Asia (FAO, 1972) gives the following calorie and protein 
composition per 100 grams edible portion of rice, maize and cassava: 
Water Calories Protein 
(percent) (grams) 
Rice (milled, polished) 11.8 354 7.6 
Maize (gram) 13.6 349 9.1 
Cassava (fresh root) 65.5 135 1.0 
Cassava (peeled and dried) 12.0 349 0.5 
13. Terracing was legally prescribed in the Land Reclamation Ordinance of 1874, but it was generally not 
complied with. Only locally were inferior terraces constructed (Thorenaar, 1946: 28). 
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Recent developments 
In 1965 increasing contention in the national political arena culminated in an abortive 
coup and led the military under general Suharto to replace the goverment from 
President Sukarno. The 1950s and early 1960s had been characterized by general 
economic stagnation causing a crisis situation throughout the island, and particularly in 
marginal upland areas. Therefore, in the late 1960s, after the establishment of the New 
Order govemment, a vigorous pursuit of economic development was initiated. In the 
irrigated lowlands, the newly available green revolution technology was propagated and 
rice production was boosted up to the early 1980s through the large scale introduction 
of high yielding varieties and subsidized fertilizers provided by various credit 
programmes. However, new goals such as the diversification of food production, the 
export of products other than oil or natural gas, soil conservation, watershed protection 
and the reduction of the backwardness and poverty of the upland populations were 
increasingly pursued in the second half of the 1970s and 1980s, and resulted in more 
attention to the development of upland areas and upland farming. Various agricultural 
intensification and regional development programmes which are specifically geared to 
the problems of the uplands have been carried out. Upland farmers have gained better 
access to inorganic fertilizers and yields of upland crops have risen over the last fifteen 
yearsl4. The area under commercial perennial crops has expandedl5. These changes in 
agriculture have been supported by an improvement in infrastructure, transportation and 
communication, as well as rising education. Soil conservation and regreening activities 
were stepped up considerably in the 1970s, concurrently with a growing world-wide 
concern for these problems (cf. Salim, 1979). Living standards have risen. The mobility 
of the population has increased tremendously. Health and nutritional conditions have 
improved as a result of inexpensive health facilities and services, covering even the 
remoter areas. There is sufficient evidence to suggest that many upland regions have 
been taking part in these trends (cf Edmundson & Edmundson, 1983; Nibbering, 1986). 
14. According to Agricultural Survey estimates, the use of inorganic fertilizer for upland rice, maize and 
cassava between 1972 and 1984, has, on average, trebled, while the yields of these crops have doubled 
(Roche, 1987: 5-8). 
15. In East Java, for example, the area under smallholder coffee increased from 23,000 ha in 1970 to 
31,000 ha in 1978 and 43,352 by 1984 (McStocker, 1987; BPS, 1985). 
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2.3 The dimensions of land degradation on Java 
The developments in upland farming described in the previous chapter have been 
accompanied by great changes in the natural resource base, land and vegetation. The 
kind of evidence provided in the literature conceming the environmental effects of 
upland cultivation and the extent to which these effects can be generalized, need to be 
reviewed. Upland degradation is often portrayed in such a fashion as to suggest that it 
occurs everywhere in the same way and in similar proportions. For example, an 
ordinance issued by the national government (no. 33/1970) stipulates that all land over 
500 metres should be under protective forests (Palte, 1989: 113). Given the wide range 
of land capabilities within this zone, this inoperable ordinance reflects an excessive 
form of generalization of the problems in upland areas. A second important question is 
to what extent the process of land degradation is reversible. 
At present, most of the land on Java and Madura, which had in 1985 a total 
population of 99,582,000 (BPS, 1988), is in agricultural use. Only 23 per cent consists 
of state forest land (Table 2.2). While irrigated wedand is found in the lowlands, in 
valley bottoms and on the lower slopes of the volcanoes running parallel to the length of 
the island, upland agriculture dominates in the hilly and mountainous areas of the 
island. 
Table 2.2 Land use on Java and Madura, 1985 
Land use type Area 
km2 % 
House lots 16,154 12 
Irrigated fields 35,009 26 
Area under dry farming 34,166 24 
Estates 5,954 5 
Fish ponds, grassland, etc. 3,056 2 
State forest land 30,130 23 
Other 7,718 6 
Total 132,187 100 
Source: BPS 1986. 
According to an official estimate a total of 8000 km2 of land outside forest land is 
in a 'critical' state (BPS, 1988). Assuming that this critical state has arisen largely under 
dry farming, it has affected about 25 per cent of dry-farmed land. No definition of 
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'critical state' is given, which is very much characteristic of the discussion of land 
degradation on Java. 
In the literature, soil erosion features as the greatest cause of land degradation. 
Erosion hazards on slopes which lack a sufficient protective vegetation cover or terraces 
were ah-eady scientifically demonstrated in the colonial era (Coster, 1938; Ossewaarde 
& Wellensiek, 1949). Yet considerable uncertainty still exists as to how much erosion 
actually occurs. Conditions vary enormously due to differences in soil type, rainfall 
intensity, slope, vegetative cover, cropping and cultivation practices. Young volcanic 
soils found at altitudes over 1000 m, for instance, are generally far less susceptible to 
erosion than soils in lower areas, owing to their relatively high permeability and 
aggregate stability (van der Linden, 1982: 21-23). In a highland area in East Java it also 
appeared that where some accelerated erosion occurs, the uncovered sub-soil was nearly 
as fertile as the original soil horizon (KRP, 1985, part IV: 106). Annual soil losses can 
differ an order of magnitude, depending on rainfall extremes and timing with respect to 
surface status (KRP, 1990: 143). Cultivation parameters such as slope and cropping 
may cause particularly great differences in erosion r a t e s l 6 . 
One of the problems encountered in the discussion of soil erosion is that it is 
difficult to make extrapolations from measurements conducted on a particular site to a 
wider area (Stocking, 1987). Erosion studies are usually difficult to compare, since not 
all relevant factors are indicated, such as percentage distribution of slope class, 
description of soil type, degree of terracing, and existing cropping patterns (de Graaff 
and Kusrianto, 1990: 73). Although some of the suspended sediment rates or sediment 
yields in rivers have only been measured over relatively short periods, they are now 
widely known for most watersheds in Java. It seems that in most watersheds on Java, 
average erosion rates amount to 3.5 mm a year (McComb and Zakaria, 1971; Pickering, 
1979)17. However, the results of sediment measurements are highly influenced by the 
assumptions made and the techniques used in these measurements. It so happened that 
the stated average erosion rate in the Konto Upper Watershed in East Java was reduced 
from 3 mm to 1 mm per year due to improved measuring techniques (Universitas 
Brawijaya, 1984: 118). If a watershed concemed contains many forms of land use. 
16. Erosion rates in Java have been found to vary from 0.4 mm per year on bench terraces cropped with 
maize; 1.6 mm per year on sloping terraces with maize and cassava and 8 mm per year on sloping land 
with potatoes (Carson, 1986, quoted in de Graaff and Kusrianto, 1990: 73). 
17. The Solo river, for instance, carried an estimated 8.6 million tonnes of soil past the city of Solo 
(Surakarta) in the 1970/71 rainy season. This amount of soil, taken over the whole watershed is 
equivalent to a depth of 4 mm a year. 
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which most watersheds do, sediment loads do not show which land use contributes most 
s e d i m e n t l 8 . Nevertheless, some authors feel confident enough to claim that without 
proper measures to regenerate soils and to halt erosion, the extent of critically eroded 
lands will increase by 1 to 2 per cent per annum (Wiradinata, 1976). Others are more 
cautious stating that with the present state of information it is not possible to say 
precisely how many hectares of Java are currently affected by erosion and how badly 
(FAO, 1977). Considering the enormous diversity of upland environments and upland 
farming systems practised in Java, it is doubtful whether this state of knowledge has 
been much improved since, if it can be done at all. 
If erosion rates cannot be adequately established, it is quite difficult to assess how 
much on-site damage is incurred as a consequence of soil erosion in terms of immediate 
and/or future productive loss. Where critical depths soils have not yet been reached , 
erosion may lead to a loss of water retention capacity and a loss of nutrients, losses that 
have seldom been measured. Where soils have reached critical depths, however, the 
effects of erosion on crop productivity can be measured by comparison of soils with 
different depths. A study of this kind in the Brantas River basin has shown a strong 
negative correlation between soil depth and crop yields (de Graaff and Kusrianto, 1990: 
72). However, soil depths may vary tremendously, even within relatively small areas. 
Soil depletion due to inadequate soil fertility management has been given far less 
attention in the literature on land degradation in Java, probably because it is less 
measurable and, in theory, less irreversible. Since soil depletion affects the productive 
capacity of the soil, it should also be seen as degradation, as has been correctly pointed 
out by Palte (1989: 112-113) who, after Ruthenberg, used the term soil mining to 
indicate this process. Theoretically, declining crop yields, which are believed to be due 
to erosion, may equally result from depletion. This is important, because the causes of 
erosion may be different from those of soil depletion, as will be pointed out further 
below. Soil depletion is also more easily neutralized with off-farm inputs, if soil erosion 
is not excessive. 
A final point to make on the writings on land degradation in Java is that there 
seems to be a cenain inclination to ignore the improvements made ever since upland 
cultivation started to expand. Observers in the late 19th century and early decades of 
18. In the Konio upper watershed area, the hardened surface of built-up areas in villages and unpaved 
road surfaces were found to be subject to much higher erosion levels per area unit than annually cropped 
farmland and were significant contributors to the total downstream sediment load (Rijsdijk & Bruijnzeel, 
1990: 143-144). 
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this century complained about the fact that dry-farmed land was still commonly 
unterraced, but at present it is increasingly difficult to find areas where dry-farmed land 
is not terraced in one way or another. Yet the impression is often created that upland 
farmers still rarely practise terracing (cf. Hardjono, 1986: 4). Some authors still speak of 
stagnating or even declining crop yields (cf. Palte, 1989: 218), whereas there is clear 
evidence that yields have generally been on the rise over the last 15 years, not only in 
the rice-growing lowland areas, but also in upland areas. The discussion of 
developments in upland areas is therefore confounded by an historical lag, which shows 
that the developments in the upland areas are still an under-studied subject in Java. In 
conclusion, it can be said that it is impossible to make sweeping generalizations about 
the extent and severity of land degradation in Java, and a much more site-specific and 
management-specific view on land degradation is required. 
2.4 Views on farmers' behaviour 
Land degradation in Java's uplands is usually explained either in terms of the incapacity 
of farmers to manage their land in a proper way or in terms of their unwillingness to do 
so, while some authors have suggested a link between both. Some of these views are 
supported by evidence, others seem unwarranted, but all elicit various questions. 
According to the first view, the capacity of farmers to practise proper land management 
is constrained by their limited access to farm inputs, particularly fertilizer. The adoption 
or continuation of intensive crop cultivation cannot be sustained because of 
insufficienncy of manure or mulch, which results in inadequate soil fertility 
management (cf. van der Poel et al., 1985: 3-4). Palte argues that a near balance has 
been reached between the land use needs for cropping and for animal husbandry, after 
which both have become competitive. More intensive cropping of the dry fields requires 
more dung from more livestock. Additional livestock, on the other hand, creates a 
serious fodder problem. The outcome is chronic shortages of manure (Palte, 1989: 65). 
Even tillage may prove inadequate because poorly fed cattle become weak (Vink, 
1946: 272). Scarcity of firewood may force farmers to use crop residues and manure for 
fuel and reduce the available supply of crop nutrients further (Vink, 1946: 265, 273). As 
a result, soil fertility management cannot be practised efficiently. The question however 
is to what extent other factors than mere fodder constraints may have reduced farmers' 
access to fertilizer, such as sharp crop yield fluctuations due to bio-climatological 
disturbances, high tax burdens, economic depression, indebtedness, which may all 
impede the raising of cattle. It seems clear, however, that more frequent cropping. 
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intensive tillage and the application of manure cannot offer a lasting solution for the 
needs of a continuously growing population (Palte, 1989: 63). Under such conditions, 
purchased inputs beconie inevitable (cf. Ruthenberg, 1980). The appropriate question to 
ask is therefore, why upland farmers have not been able to obtain inorganic fertilizers 
for such a long time. Evidently, various external factors have been involved which will 
be discussed in section 2.7. 
The second view is more concerned with soil conservation rather than soil fertility 
management and focuses on the willingness of farmers to conduct proper land 
management. This view seems to be dominant among extension workers and policy 
makers (see Chapter 1). It stipulates that farmers are either not aware of the effects of 
their activities or underestimate them, or that they are too concemed with the immediate 
fulfilment of their subsistence needs, and lack the correct state of mind to practise sound 
land management. To assume that farmers are ignorant as to the effects of their 
interventions in environmental processes is to underestimate their understanding and 
appreciation of what is going on in their environment. It is difficult to imagine that if 
land or vegetation show signs of deterioration farmers would not be aware of this; they 
are likely to notice any decline in yields or any increase in work necessary to prevent a 
drop in yields. It is possible that as long as land was still abundant, farmers were 
unwilling to put much effort into soil conservation measures. It could well be argued 
that most of the damage was actually incurred when farmers still felt relatively secure 
with regard to the amount of land they controlled or could move to, so that they did 
little to protect the soil. Some early discussions by colonial officials on the 
popularisation of terracing seem to attest to this prevailing perception (Kievits, 1893; 
Holle, 1894). 
If that were the case, however, one can hardly blame present population pressure 
for land degradation. On the contrary, degradation should then be seen at least as much 
as a result of neglect due to a situation of perceived abundance in the past, which 
unfortunately turned out to be short-lived. Subsequent conditions, of which 
demographic growth is undoubtedly one, then prevented farmers from rehabilitating 
their land. The simple claim that population pressure causes land degradation should at 
the very least be modified into: population and poverty pressure perpetuates the 
degraded state of the land. As for the present situation, it is not very likely that upland 
farmers should not do everything in their power to maintain the productivity of their 
land if their livelihood depends on it. It has often been small farmers who started to 
terrace their fields well in advance of farmers with larger holdings, because the former 
experience the greatest need to combat erosion (Carlier, 1980: 185-7). 
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People who are professionally involved in rural development are easily led to 
accuse farmers of unwillingness to 'mend' their ways, of negligence, indifference and 
even of apathy, whenever farmers show reluctance to adopt certain techniques which 
are deemed superior to those practised by the farmers. The latter may have good reasons 
for not accepting innovations, as these innovations may be less suited to local 
conditions, of which farmers are well aware. For the construction of bench terraces, for 
instance, level or slightly backward sloping terrace surfaces are normally recommended 
as the optimal design for terracing under certain conditions which need not be specified 
here (cf. Seckler, 1987: 94). In some areas in Java farmers fmd it difficult to accept this 
design as it may be conducive to waterlogging which will damage the crop and cause 
slumping (Nibbering, 1986: 124; Palte, 1989: 231). Sometimes, the cure is worse than 
the disease, if terrace construction undertaken by the farmers under the auspices of the 
local extension service is not done properly; the effect of poor work aggravated by a 
failure to provide for an adequate drainage network was gullies which emerged where 
none had been beforel9. Farmers have even been persuaded -with incentives like cash 
or goats- by zealous field workers to construct bench terraces on too shallow soils, in 
the end leaving the farmer with little cultivable soil. These examples tend to reveal 
more about the inflexibility of a bureaucratic apparatus and its programmes than 
maladaptation on the part of the farmers. 
Government officials, experts, and even extension workers often fail to appreciate 
the specific knowledge and the experience that the rural population often has with the 
potentials and constraints of their environments. Unwarranted assumptions made by the 
former about upland cultivation and farmers' practices may originate from a number of 
preconceptions with regard to farmers' behaviour and rural conditions in general. A 
series of biases, aptly summed up by Chambers (1983: 13-23), tend to distort and 
narrow down the knowledge and comprehension of those 'outsiders', and thereby affect 
their appreciation of the conditions with which they have to deal. Of the various biases 
mentioned by Chambers, the spatial bias is probably one of the strongest, as upland 
areas are less accessible, and remain largely invisible to most professional observers. 
Person biases may also be quite strong in that the contacts of outsiders with local 
people tend to be restricted to village officials, educated farmers and the like, who 
themselves may not have an unbiased appreciation of the affairs of their fellow 
villagers. Last but not least, professional workers may be subject to their own 
19. This was observed by the author at a soil conservation demonstration site located on less permeable 
soils on the island of Madura. 
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professional bias. As it is assumed that the processes involved are simple and generally 
understood, research tend to remain ad hoc, hurried and biased, and thereby confirm the 
findings of earlier research. This may perhaps account for an historical lag in the 
discussion of conditions in the uplands, noted earlier in this chapter. 
Some authors (Wiersum, 1980; Pake, 1989) present a more elaborate view on the 
farmers' attitude in land management by combining a lack of willingness among 
farmers to practise proper land management with a lack of capacity to do so. Their 
argument is as follows: since farmers lack sufficient resources for the upkeep of soil 
fertility, they are not prepared to improve their ways of farming, particularly if they 
have access to alternative forms of employment which further distract their attention 
from proper soil conservation. Consequently, a vicious cycle emerges: low yields 
prevent farmers from purchasing off-farm fertilizer. Farmers will therefore refrain from 
putting more effort into soil conservation measures. Hence, they will continue to have 
low yields. 
There seems to be some historical evidence for this view. Joosten (1941) and de 
Haan (1951; both quoted in Wiersum, 1980), for instance, reported that soil 
conservation measures in West Java were adopted much more readily in areas with 
volcanic soils than in areas with marly soils. This may have been because temperate 
vegetable cropping systems practised on volcanic soils in the highlands offered the 
opportunities for commercial cropping which gave farmers higher output value and 
allowed them to purchase off-farm inputs. This view is superior to the previous two, as 
it presents a model which incorporates both lack of resources and farmers' perceptions 
into one model which tries to explain the problem in terms of a process. The two 
components of this view are of course subject to similar criticisms as the previous 
views. Moreover, in posing the problem as a vicious circle, the model rules out the 
possibility of any improvement whatsoever coming from within the farming system. 
The views discussed are shown as a cross-table (Table 2.3) ordered by efforts in 
soil conservation and yield prospects. The first view, which is not primarily concerned 
with soil conservation, could not be included. The box in the upper right comer presents 
a hypothetical situation which is not represented in the hterature. Yet one would expect 
such a situation under extreme population pressure, causing people without alternative 
sources of income to put great efforts into soil conservation, irrespective of yield 
expectations. 
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Table 2 3 Schematized attitudes in land management in upland areas in Java 
Efforts in 
soil conservation 
much 
little 
high 
Yield expectations 
neutral low 
4 5 
profitable crops; hypothesized: 
opportunities for as 3, but people largely dependent on land 
buying off-farm inputs subsistence crops 
highland vegetables 
1 2 3 
land abundant; prime concern marginal land 
long fallows possible for subsistence needs; little scope for 
shifting short term buying off-farm inputs 
cultivation considerations subsistence crops 
prevail 
subsistence crops 
In the literature no mention is made of another possibly important factor in the 
process of land degradation under upland farming. When compared with wet-rice 
cultivation, yields in upland farming are much more capricious due to irregular rainfall, 
pests and diseases. It is therefore surprising that nowhere in the literature on upland 
degradation in Java are yield fluctuations due to bio-climatological disturbances 
accorded any role in the process of land degradation. These fluctuations may cause 
great losses to upland farmers, and the set-backs may deprive farmers of the resources 
they need to carry out proper land management and thereby set into motion or 
exacerbate the process of degradation. 
2.5 Unequal access to resources and inter-household relationships 
In the literature on upland farming, the rural population is often regarded as a 
homogeneous mass. Differences between households are disregarded; social relations 
between households are also not considered. It is true that, in the uplands, landlessness 
is often vinually absent and land distribution is usually not as skewed as in the lowland 
areas, where agriculture is more commercialized and where more opponunities exist for 
non-agricultural employment. However, the range in the quality of land, varying from 
irrigable and fertile valley bottoms to bare and rocky hillslopes, is often much wider 
than in the lowlands and the inequality in distribution of high quality land can be much 
greater than the distribution of landholdings (cf. van Dijk et al., 1987: 64). Fanners with 
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less access to resources or only with access to low quality resources can be expected to 
demand the most of their resources (Blaikie, 1981). A number of studies have noted that 
differences in access to land between households have caused differences in land use. 
Households with large holdings devoted larger portions of their dry-cultivated fields to 
perennial crop cultivation, which is ecologically more sustainable than annual crop 
cultivation. Small farmers, on the other hand, were not able to do so because they 
needed all their land to grow annual food crops to meet their family consumption needs 
and thereby made greater demands on their land (Hunink and Stoffers, 1984: 114; van 
der Poel et ai, 1985: 15; Berenschot, 1986: 66)20. However, the greater production 
pressures with which small farmers are confronted may at the same time work as a 
greater incentive for them to utihze their resources prudently. In two village studies in 
central Java it was found that households with holdings smaller than 0.5 ha used much 
higher inputs of stable manure, inorganic fertilizer and labour and achieved much 
greater yields than households with more than 0.5 ha (van der Poel et ai, 1985: 17). The 
fact that small farmers have often started to terrace their land well before large farmers, 
as was mentioned in the previous section, also points this out clearly. Land management 
on small holdings may therefore not necessarily lead to further degradation. It all 
depends on how much room for manoeuvre farmers have. 
In the lowlands, many households gain access to land as tenants or share-croppers, 
which gives them the right to cultivate the land for a limited period only. In the uplands 
the lack of security involved in these arrangements might deter cultivators from 
practising proper land management, as they cannot be sure that they would reap the 
benefits of their labour. However, tenancy and share cropping seem to be rare 
phenomena in subsistence-oriented upland areas (Palte, 1989). 
The fate of small farmers who are short of land and/or other resources depends on 
whether or not they have access to alternative resources close at hand, such as common 
grazing grounds, opportunities to cultivate extra land, such as plots allotted to local 
people in reforestation schemes on nearby forest land, or land from fellow villagers, 
and, on what conditions they can cultivate this land. Thus, the social relations which 
households with few resources maintain with households with more resources, village 
20. However, this type of differentiation may be absent under different circumstances. In an area in East 
Java, I found that not only large farmers, but also small farmers shifted from maize cultivation to coffee 
cultivation partly in view of the high cash incomes this would produce, partly because remaining maize 
fields became enclaves in the middle of the emerging coffee gardens and were increasingly marauded by 
animals from the surrounding forest area. On the whole, small farmers were not too worried about their 
reduced food supplies, as they could work as wage labourers or take up jobs elsewhere as circular 
migrants (see also Nihhtnng, forthcoming). 
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administrators, forest guards and the like, may determine to what extent the latter enable 
the former to overcome periods of stress, through the provision of land, work, livestock, 
money or food. In this way, everyone may be offered a niche to ensure his survival 
through the creation of some form of 'shared poverty' (Geertz, 1963). Such a situation 
may give temporary relief under conditions of stress, but in the end it may not be very 
helpful in finding fundamental solutions for the stress problems encountered in land 
management, as it is likely to discourage people from innovating (Brookfield, 1970). It 
seems that many traditions and forms of sharing arrangements which have declined in 
the lowlands are still fairly strong in upland areas (Palte, 1989: 105), although processes 
of commercialisation have started to erode traditional sharing arrangements here as well 
(cf. Budiono, 1981; Schmit, 1982). 
2.6 Migration 
In the literature, migration is not in any way related to land degradation, except as one 
of its consequences. This is probably because migration seldom leads to a stable or 
declining population and therefore does not lead to a decline in population pressure (if 
nothing else changes). Poor and degraded uplands in Java often have high migration 
rates, with people moving away temporarily or permanently to find work elsewhere as a 
last resort (cf. Bryant, 1973: 83-85; Titus, 1980: 14; Palte et al, 1981: 65-67). 
Transmigration, the resettlement of people from Java to the other less densely populated 
Indonesian islands, was until recently greatly encouraged by the central government, 
particularly in poor upland areas to relieve these areas from their state of over-
population. Paradoxically, local authorities may regard migration not as a blessing, but 
as a curse, indicating that people are no longer prepared to put any effort in making 
their land more productive and developing the region (Pemda Trenggalek, 1975: 34). 
Migration may be one of the reasons why there is little landlessness in upland 
areas. People who fail to gain or retain access to land have to leave the area for lack of 
other forms of employment (Palte, 1989: 103). Agriculture in most upland areas still 
seems to be very much subsistence-oriented and the distribution of land has remained 
more even, probably due to a lack of opportunities for profitable commercial crop 
cultivation. Consequently, there is little scope for agricultural wage labour, share-
cropping or tenancy arrangements. Opportunities for non-agricultural work are also 
very limited. It can therefore be hypothesized that the larger size of landholdings in 
upland areas, compared to irrigated lowland areas, reflects the average productivity of 
the land under the prevailing farming system, but also the lack of employment 
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opportunities outside the farmers' own holding. In other words, once a landholding in a 
particular area drops below a minimum viability level, it becomes more susceptible to 
being given up, while its former owners move elsewhere (cf. Gerdin, 1982). An 
additional explanation for differences in farm size may be explained by the length of 
time during which upland regions have been settled, and during which landholdings in 
these regions have been subject to fragmentation. However, migration from these areas 
probably always lags behind the developments in land use and management and forms a 
passive response to these developments. However, one of its results is that those who 
stay behind are all households who continue to have a considerable stake in the 
cultivation of their own holdings. 
Apart from relieving some of the pressures on land and other resources, out-
migration may also generate a stream of remittances, which may make an important 
contribution to the local economy. Whether out-migration can thus create opportunities, 
enabling the upland population to break away from poverty and environmental 
degradation, remains to be seen. If nothing else changes, it may only bring temporary 
relief, or at best maintain the status quo. It is even conceivable that heavy dependence 
on remittances may lead farmers to reduce labour and capital investments in the 
cultivation of their land and the upkeep of their resources. Inputs become restricted to 
those required to meet the immediate demands of production, and long term measures 
are neglected. Thus fanners keep their inputs at a minimal level in accordance with the 
present returns, rather than the future returns they might anticipate with more 
investment. In this view, they are satisfied with their present produce and income levels 
in relation to their efforts. 
Such behaviour resembles, in a way, Chayanov's tenet on peasant's labour input 
patterns, minimizing the drudgery of self-exploitation (Chayanov, in Thomer et ai, 
1966). This could have adverse effects on the quality of their land resources, when it 
comes to farmers failing to maintain terraces properly or to plant trees. In Table 2.3, this 
situation would score high on 'yield expectations', but nonetheless low on 'efforts in 
soil conservation', because the willingness to invest is absent. An apparent 
demonstration of this situation could be observed in the (anno 1985) barren central hill 
range of the island of Madura, which has known a long history of out-migration. If, on 
the other hand, an expansion of alternative economic opportunities succeeds in drawing 
people away from marginal pursuits to more productive activities, a process of 
disintensification of land use may take place, whereby labour-intensive soil 
conservation measures are no longer required. Disintensification of land use has been 
observed in villages in Central Java (Preston, 1987). 
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Migration is not a process which affects populations uniformly. It tends to be age-
selective, involving young adults (cf. Ida Bagus Mantra, 1980: 49). This may have 
repercussions on the availability of labour in agriculture; it is usually the more 
enterprising and ambitious who leave. Those who remain are perhaps psychologically 
disinclined to take risks, and as a consequence the community becomes less able to 
generate solutions internally. As long as migration is only seasonal, it will probably not 
have great detrimental effects on the economic potential of the home area. Migrants 
return when their labour is needed; they send remittances and they do not rely on local 
resources for their consumption during their absence. They may bring new ideas and 
new ways of thinking which may become an asset for the development of the area 
(Kosinski and Prothero, 1970: 254-255). 
Evidently, it is impossible to state a priori what the effects of migration on land 
management in the uplands of Java will be until many more variables are known, such 
as the numbers of migrants involved, age, duration of absence, income prospects in the 
destination areas as well as local potential in agriculture. 
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2.7 The wider political, social and economic context 
The greatest weakness of the views commonly held on land degradation and poverty in 
the uplands of Java is that these problems are considered too much in isolation from 
their political and economic context. The question why upland populations have not 
been able to use their natural resource base more fruitfully cannot be sufficiently 
answered in terms of the size of the population or the behaviour of individual land 
managers. Population pressure does not explain why farmers do not or cannot adopt 
other strategies, use other resources or take up new forms of employment. Population 
growth, poverty and degradation are all part of a much more complex mechanism 
involving a much wider social, economic and political context. 
Upland populations had to resort to marginal areas because the prevailing politico-
economic system did not enable them to take up better livelihoods. Furthermore, once 
populations had taken up upland farming, political and economic conditions prevented 
them from making the necessary adjustments in their farming practices. To a certain 
extent, this also applied to lowland farming, but the lowland populations were generally 
better off in that they have ecologically less vulnerable farming systems, are more 
accessible and provide more possibiUties to engage in other forms of employment. 
The problems with which upland populations had to contend do not only arise from 
the ecological marginality of their environment, but also a result of the ways in which 
upland areas are integrated into the larger economy and society. Particularly in the 
relatively sparsely populated Tertiary hill areas, farmers have had to contend with 
isolation. Litde investment was made by the colonial government or private 
entrepreneurs into infrastructure because of lack of opportunities for growing lucrative 
cash crops. Furthermore, commodities which could be produced in these areas (cassava, 
bamboo, bulky fruit and also firewood) possessed a very low value in relation to their 
transport costs (Titus, 1980: 8). The products farmers did sell often fetched unduly low 
prices, due to the dealings of monopsonistic merchants buying cheaply, and the 
transportation costs which collecting traders tend to recover from the farmers to ensure 
their profits. The small quannties involved had a similar depressing effect on farmgate 
prices (Koens, 1948: 603). These marketing constraints forced farmers into the 
cultivation of annual food crops, primarily to meet their subsistence needs, with little 
opportunity to buy off-farm inputs. 
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With the promulgation of the land clearing ordinance in 1870, dry-cultivated land 
was also unambiguously incorporated into the land taxation system21. Tax burdens may 
have pressed more heavily on dryland agriculture than they did on irrigated (rice) 
agriculture. For dry cultivation to have production levels similar to wet rice cultivation, 
higher labour and capital inputs are required than in wet rice cultivation. Since taxation 
was based on annual standard yield measurements rather than actual harvest yields of 
individual farmers, which are susceptible to greater fluctuations on dry-cultivated fields 
than in irrigated fields, the risks involved for upland farmers may have been greater. 
The progressive fine-tuning of the taxation system in the past has tended to reinforce 
rather than to alleviate the tax burden in marginal upland areas (cf. Meijer-Ranneft & 
Huender, 1926). The opportunity for bargaining virtually disappeared as the land was 
classified, and each year the amount of rent that had to be paid for each class was 
officially determined (Booth, 1984). When the bureaucracy involved in land tax 
assessments became more and more elaborate it must have become more rigid as well. 
The imposition of taxes may have had repercussions on land use and investment 
decisions by upland farmers over the preservation of productivity on their land. 
The problems experienced in marketing and taxation show that the uplands were 
integrated in the larger economy and polity, but very much to their disadvantage. Thus, 
ecological marginality produces regional marginality, with the latter corresponding to 
Blaikie and Brookfield's 'politicoeconomic marginahty', moulded in a spatial/regional 
form (Blaikie and Brookfield, 1987: 21-23). 
It is particularly for the period 1940-1970 that a decline in production, poverty and 
land degradation were reported in upland regions. However, war, occupation, political 
instability and economic stagnation caused great distress all over Java in these years. 
This suggests that the adversity and instability of the political and economic systems 
must have been at least as important in causing severe conditions in upland areas as 
demographic growth. The ecologically marginal conditions in upland areas made it 
particularly hard for upland populations to cope with these hard times. It seems that 
only recently, with the generally improved conditions on the island, and increasing 
attention on the part of the government for the development of upland regions, farming 
and living conditions in the uplands have been improving. 
21. One of the reasons for this ordinance was to increase revenues from the land tax. 
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2.8 Operational questions, methodology and thesis outline 
In this study of change in land use and land management in an upland area in Java, 
different sets of relationships had to be analyzed, similar to those discussed in the 
theoretical sections of this chapter. A reconstruction of developments in upland farming 
over time constitutes the factual core of the study. The constraints and potentials 
presented by the environment and the interaction between land management and natural 
processes in the environment formed one set of relationships. Relations between 
changes in land use and land management and changes in the socio-economic positions 
of the farming population, as they developed through time, formed the second set. The 
social, economic and political conditions which have made up the context in which 
farmers operate, formed the third set. Evidently, an historical approach was required to 
explore the course of change and interaction between the various agents, conditions, 
events involved. The historical approach was combined with a spatial approach to test 
the validity domain of the inferred historical relations, as it was assumed that the degree 
to which different places were affected by recent developments would vary. Therefore, 
this spatial dimension served to a certain extent as a substitute for the historical 
dimension central to this thesis, but it has also been looked at in its own right so as to 
gain a better understanding of the complex relationships involved. 
To cover the main theoretical issues discussed above, four operational questions 
were formulated: 1. To what extent has land degradation occurred in the study area and 
what has caused it? 2. Have changes in political, social and economic conditions since 
the mid-1960s enabled farmers to increase the productivity of their farming system? 3. 
Have farmers been able to improve their living conditions, as a result?, and lasdy, 4. 
Has farming become more sustainable? 
As explained in chapter 1, the Gunungkidul District was chosen, based on the 
reading of literature which depicted the area as particularly overpopulated, poor and 
degraded, and also because it would allow me to be associated with an on-going 
research project at the Forestry Faculty of Gadjah Mada University in Yogyakarta. 
Gunungkidul District consists of three quite distinct ecological areas of which one was 
selected for field study. By confining myself to one ecological area, I would be able to 
achieve greater depth. It would also allow me to concentrate on spatial differentiation 
due to social and economic variation rather than ecological variation. I chose the 
Gunung Sewu, a limestone Karst area, because this region in particular was believed to 
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be very poor22. The Gunung Sewu also intrigued me because fallowing still appeared to 
be common practice in the area. I also expected that its typical relief would enable me 
to establish the effects of soil erosion fairly easily in a crude and qualitative fashion23. 
In the research area, three hamlets were selected, Kepek, Legundi and Mendak, 
located in three different villages, which differed in population density, accessibility 
and relief. In each hamlet a general household survey was conducted in which 50 
randomly selected households were interviewed during December 1988 and January 
1989 with the aim of obtaining general information on household and farm conditions. 
This was followed by an in-depth farm management survey from February 1988 to July 
1988 among 30 households, who had been selected purposively from the general 
household survey sample. These households were selected to provide representative 
cases of 'mainstream' farming in their communities. The totality of situations that I 
have regarded as more extreme or exceptional may therefore be under-represented24. 
The selection does reflect the range in landholdings, but not to the extent that inter-
hamlet comparison would become too difficult. Variables which have been taken into 
account in the selection included: size of landholding, proportion of flat land, gross 
agricultural production (also as a cross-check on landholding size), the extent to which 
off-farm activities are performed, the presence of elderly persons who could provide 
information about the past, and willingness of the households to partake in the survey. 
Additional information was obtained through interviews with informants, village 
officials, extension officers and officials from the various services at the subdistrict and 
district levels. 
In addition, historical material was obtained from libraries and archives in 
Indonesia, Australia and the Netherlands, and statistical material form libraries and 
agencies in Yogyakarta and the district capital Wonosari. Aerial photographs were 
obtained from the Centre for Remote Sensing, Gadjah Mada University (for a list of 
institutes consulted for secondary material, see appendix 10). A series of soil samples 
22. "...nor is any area as poverty-stricken or as depressing to the visitor as the karst-Uke Gunung Sewu 
(Thousand Mountains), southeast of Yogyakarta; yet even this desolate expanse in which even drinking 
water is often in scarce supply in the dry season, is thickly populated by the standards of the Outer 
islands" (Fryer and Jackson, 1977: 8). 
23. My original plan was to conduct erosion plus rainfall measurements on special plots in the field. 
Since I was unable to arrive in the area until well into the rainy season, which had started quite early that 
year, I had already missed the period in which erosion is normally greatest, i.e. at the time of field 
preparation. 
24. For example, school teachers who are also engaged in farming were left out. So were households that 
owned and cultivated valley bottom land only. 
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were taken in the field which were analyzed by Analytical Services Ltd, Cambridge, 
New Zealand. 
The outline of the remaining part of this thesis is as follows. The political, social, 
economic and demographic developments in the region which have directed the course 
of change in land use and land management in the study area, will be dealt with in the 
next chapter. The bio-physical environment will be discussed in Chapter 4 to clarify the 
production potentials offered and constraints imposed by the environment on the 
farming system, as well as to establish previous conditions and compare these with 
present conditions. In Chapter 5 the developments in land use and land management in 
the study area until 1970 will be reconstructed and analyzed in the light of the political, 
economic and social processes as well as environmental processes and events discussed 
in the previous two chapters. Developments after 1970 and present conditions are 
examined in Chapters 6, 7 and 8. Chapter 6 deals with crop cultivation and animal 
husbandry. Chapter 7 with the growing of trees and Chapter 8 is concerned with present 
household economies and the changes to which they have been subject over time. The 
chapter ends with an integration of the various developments in the area in the recent 
past and discusses their causes. This is followed by an assessment of the performance of 
the farming system, its sustainability, stability and prospects for further improvements 
in Chapter 9. My final conclusions are presented in Chapter 10. A number of 
appendices contain basic data, explain methods in greater detail, provide information on 
conversions, calculations and assumptions as well as other subsidiary information. 
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Chapter 3 
The Gunungkidul area 
3 . 1 Introduction 
The purpose of this chapter is to describe the geographical setting of the study area and 
the demographic, social economic and political developments which have formed the 
context in which land use and land management have evolved. 
The study area is located within Gunungkidul District (Kabupaten Gunungkidur) 
within the Special Region of Yogyakarta (Daerah Istimewa Yogyakana). Gunungkidul 
District largely coincides with the westernmost portion of the Gunung Kidul ('southern 
hills'), a Tertiar>' hill range along the south coast. Starring from the Yogyakarm area the 
hills extend eastward as far as halfway across the present pro\ince of East Javai (Figure 
3 . 1 ) . 
EAST JAVA 
YOGYAK^ TA 
^ Gunur>B Kidul 
Figure 3.1 The Gunung Kidul or Southern Hills 
Source: Pannekoek, 1949; Sunarw-'o, 1983 
Developments and condirions in Gunungkidul have been closely connected wi:h 
those in the wider Yogyakarta region. Therefore, the follov.ing discussion will pay 
some attention to the setting and histor>' of Yogyakarta. 
1. In this thesis Gunung Kidul refers to the entire hill range, or, part of it, while Gunungkidul. in 
conformity with present official writing, refers explicitly to the post-1830 Gunungkidul District. 
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3.2 The setting 
The Special Region of Yogyakarta (Figure 3.2) is located in south central Java, in the 
most densely populated part of this island. The region covers 3,110 km2 and has about 
three million people (BPS, 1987). The region has a tropical monsoon climate with on 
average three dry months. Mean rainfall is about 2000 mm per year. The climate can be 
classified as an Awa type according to the Koppen system. 
Figure 3.2 The Yogyakarta Special Region and surrounding areas 
Source: UGM, 1987; Jawa Tengah, 1987 
The central parts of the Special Region are made up of well-irrigated lowlands 
where rice cultivadon predominates. The terrain slopes down gently from Mt. Merapi 
southward to the shores of the Indian Ocean. There are two main rivers, the Progo and 
the Opak. They are not navigable, but are very important for their supply of irrigation 
water. It is the 2911 m high Mount Merapi, an active volcano, which has given the 
region its fertile lands. Periodic eruptions, once every fifteen to twenty-five years, result 
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in a series of ash rains that cover the entire area under a grey blanket. After a very few 
years however, the ash turn into fertile soil (cf. Mohr, 1946: 48). The lowlands are the 
most densely populated part of the region. In the centre of the region is the capital 
Yogyakarta, the only city of the region. Of old, this lowland area was named Mataram. 
Nowadays, it falls within three regencies or districts, Sleman to the north, Bantul to the 
south, and the southern part of Kulonprogo to the southwest. The city of Yogyakarta is 
a special administrative unit (kotamadya). To the northeast the lowland plains extend 
into the province of Central Java. It is here that the closest major city, Surakarta or Solo, 
is located. 
The other parts of the Yogyakarta Special Region are hilly or mountainous. The 
southern slopes of Mt. Merapi belong administratively to Sleman District. Here, 
between 500 and 900 m above sea level, rice cultivation and perennial cropping prevails 
while temperate climate vegetable cultivation occurs above 900 m. The highest slopes 
are now state forest land. The other two parts comprise Tertiary hill ranges located both 
east and west of the central lowlands. To the west there is the rugged Menoreh hill 
range in the central and northern part of Kulonprogo District and to the east the Gunung 
Kidul, most of which forms Gunungkidul District2. Neither hill range has much 
capacity for irrigation and agriculture is based largely on dry field cultivation which 
does not permit dry season cropping. Agriculture in these areas does not therefore 
sustain the same numbers of people as in the lowlands and population densities are 
much lower (Table 3.1). 
Table 3.1 Population numbers and population density in the Yogyakarta Special Region, 1986 
District/ Population Area Population 
municipality numbers (km2) density 
(per km2) 
Yogyakarta 426,342 33 13,118 
Sleman 724,613 575 1,261 
Bantul 678,884 507 1,339 
Kulonprogo 415,669 586 709 
Gunungkidul 702,710 1,485 473 
Total 2,948,248 3,185 925 
Source: BPS, 1987. 
2. Part of the western rim of the Gunung Kidul falls within Bantul District. 
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Except to the south where it borders on the Indian Ocean, the Yogyakarta Special 
region is surrounded by the Province of Central Java. As is common along Java's south 
coast, no ports exist here because of the heavy surf of the Indian Ocean shore, and the 
many submerged roclcs. 
Yogyakarta is called a Special Region within the Republic of Indonesia because in 
the colonial era it was a 'self-ruling' area (see below). Unlike other previous self-ruling 
areas, such as Surakarta, the special status of Yogyakarta has been maintained by the 
Indonesian government. Whereas the other four provinces in Java are headed by a 
governor appointed by the central government, the Sultan has continued to be the 
formal head of the Region. 
Based on landforms, Gunungkidul District can be subdivided into three zones: 1. 
The Batur Agung range and Panggung Plateau, a long curved hill range of 200 to 700 m 
in altitude, built up of Tertiary volcanic material and marls. 2. The relatively flat 
Wonosari depression (150-200 m.) in the central part of the area, filled with deep 
colluvial material and Oyo River Valley; 3. the Gunung Sewu ('thousand hills'), a 
limestone complex (100-300 m) with characteristic karst topography (Pusat Penelitian 
Lingkungan Hidup UGM, 1986: 11-12). This third zone was selected for field research 
(Figure 3.3). 
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Figure 3 J Gunungkidul District, geomorphological zones and present division in subdistricts 
Source: adapted from UGM, 1987. 
In 1987 Gunungkidul District counted 704,469 inhabitants (BPS, 1988) living in 
thirteen subdistricts or kecamatan. Each kecamatan in turn includes a number of 
villages {kelurahan or desa), each of which comprises several dukuh or hamlets. 
Population densities are highest in the Wonosari depression and lowest in the Gunung 
Sewu. Most of the land is under agricultural use, which largely takes the form of 
tegalan. The region is very susceptible to dry spells and droughts. Some government 
forest land is situated in the westem part of the area. The district capital Wonosari is 
located in the central depression. 
3.3 Gunung Kidul until 1830: wilderness and rebellions 
Parts of Gunung Kidul were inhabited long before historical times. Archeological 
excavations near Wonosari discovered prehistoric human artefacts^. In various caves in 
the eastern part of the Gunung Sewu (outside Gunungkidul District)^ stone tools from 
3. The artefacts are on display in the Sono Budoyo Museum in the city of Yogyakarta. 
4. Near Pacitan and Punung in the Provinces of East and Central Java. 
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Paleolithic and Neolithic times were found. A few of the Paleolithic tools seem to 
indicate that they were used for working the soil which might imply some son of semi-
settled existence (Hooijer, 1969: 3, 7-8, 19, 21). 
In historical times, the lowlands of Yogyakarta were the site of several kingdoms 
under the Buddhist ^ailendra dynasty from the second half of the eighth century to the 
second half of the ninth century and that of the ^ivaite-Hindu kingdom of Mataram at 
the beginning of the tenth century (Vlekke, 1947: 29-37). Numerous temples scattered 
across the area attest to this period. Irrigated rice cultivation formed the agricultural 
base for these kingdoms and the area must have been fairly densely populated even at 
that early time. The Gunung Kidul was probably still largely covered with forests, and 
was perhaps only marginally incorporated into these states. Two inscriptions dating 
back from the early tenth century have been found in the Gunung Kidul5. 
Around 925 AD, the centre of power shifted to East Java, and with it, as it seems, a 
large part of the population (Vlekke, 1947: 37). It was only after the fall of the last great 
Hindu kingdom of Majapahit, ruling over the whole island from the plain of the Brantas 
River, that the focus of power shifted back again to central Java. It seems very likely 
that during this time the Mataram region reverted to forest which was cleared and 
resetded in the third quarter of the 16th century by the kings of Pajang6 in order to 
increase their base for tax collection (upeti) (de Graaf and Pigeaud, 1985: 278). In the 
late 16th century the region became the core area of a powerful Islamic kingdom, also 
called Mataram, from which Sultan Agung in the first half of the 17th century 
conquered most of Java (Vlekke, 1947: 165-170). 
It is in this period that the Gunung Kidul (Wukir, Redi Kidul) are first mentioned in 
Javanese chronicles, referring to events in the 16th to 18th centuries. A place called 
Giring, situated on the Wonosari plain, was mentioned in connection with the 
foundation of the new Mataram dynasty^. Probably from the 17th century onwards the 
5. One stone was found near a temple ruin {Candi I jo) in Gunungkidul district according to a note by 
Rouffaer. The inscription was made in the Qaka year 828 (AD 906) and contained a declaration to the 
effect that the wanua (villages) Kandangan and Ijo were to be continued as a free territory belonging to 
the parhyangan (monastery) Prasaja (Krom, 1913: 32-33). Another stone dating from AD 917 was found 
in Ngawen subdistrict (Barrett-Jones, 1984: 17). 
6. Around present day Surakarta. 
7. Here people made a living by tapping sugar palm {Arenga pinnata). They perhaps exported the sugar 
to neighbouring areas (Babad Tanah Jawi: 65-66; de Graaf & Pigeaud, 1974: 234). 
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region, or part of it, was incorporated into the state structure of the kingdom of 
Mataram, for it was mentioned as one of its territoriesS in the Giyanti Treaty (see 
below). Wood deliveries to the state capital from the then extensive teak forests in the 
area, were most likely the most important duty imposed on the population of the 
Gunung Kidul. Taxation of agricultural produce appears to have become general only in 
the course of the 19th century (cf. Dingemans, 1925: 103; 1926a: 78). However, much 
of the rugged and forested Gunung Kidul seemed to have either long remained or 
periodically moved regularly outside the range of effective state control. The area was 
renowned as a refuge or a base for those who found themselves in conflict with the ruler 
of the day (for Gunung Kidul-based rebellions, see: Babad Tanah Jawi: 92, 234, 235-
237, 262, 272; Ricklefs, 1978: 89, 91; Babad Panambangan: 67). Today the inhabitants 
of Gunung Kidul still firmly believe that they are the descendants of refugees from the 
kingdom of Majapahit9. 
As has already been indicated, the power of indigenous kingdoms tended to 
concentrate on the lowland areas around the capital (nagdrd). Here irrigated cultivation 
required and facilitated the existence of a large number of subjects whose produce could 
be taxed and labour exacted. On the other hand, there was the wilderness (alas), which 
remained outside the range of effective state control. Its inhospitable jungle provided a 
suitable realm for rebels, robbers, smugglers and others who preferred not to conform to 
the rules and demands of the state. It is most likely that shifting cultivation was the 
main form of subsistence here. In many parts of central Java areas like these still 
persisted well into the 19th century (Houben, 1987: 316). Parts of Gunung Kidul seem 
to have belonged to this wildemess. 
In the middle of the 18th century civil war in the kingdom of Mataram and an 
intervention by the Dutch East India Company (VOC) led in 1755 to a partition of 
8. The territory of Javanese kingdoms was seen as composed of four concenu-ic circles. The inner circle 
and the pivot of power was formed by the kraton or the royal palace, which was located in the nagdrd or 
capital where all the nobility and high administrators resided. Around the capital lay the core areas or 
Nagdrdgung. Here land was given by the sovereign to relatives and high officials as appanages {limgguh). 
The population cultivating these lands were obliged to cede part of the harvest to the appanage holder 
ipatuh) and had to perform various other labour duties. The outer circle encompassed the loosely 
controlled outer provinces or mdncdnegdrd, where bupati were assigned, who had to collect land taxes 
ipajeg) in the name of the sovereign (Selosoemardjan, 1962: 23-27). It is not quite clear what the status of 
Gunung Kidul was before 1830, as labour duties seem to have predominated. 
9. A number of graves in the area are beUeved to contain the remains of the sons of the last sovereign of 
this kingdom (Dwijawiyata, 1940). 
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Mataram among the susuhunan (the king) and two rival nobleslO. At the partition of 
Mataram, Gunung Kidul was divided between the new states of Yogyakarta and 
Surakarta. The possessions of each of these new principalities, however, were scattered 
across the region and did not form single contiguous areas^. Within Gunungkidul a 
total of 905 cacah (taxable households) accrued to the Sultan of Yogyakarta. However, 
the territory that came under Yogyakarta did not then coincide with the present district. 
It is also not certain to what extent this figure reflects real population numbers at that 
particular t i m e l 2 . Furthermore, many people in the area may have managed to remain 
uncounted and untaxed. Not withstanding these reservations, the region was most 
probably still very sparsely inhabited. 
Following a period of peace until 1800, with prosperity and population growth up 
to 1800, general conditions in Yogyakarta deteriorated. An increasing pressure for 
revenue aggravated the burdens imposed on the population. (Ricklefs, 1974: 159, 160; 
Houben, 1987: 6-11). The number of cacah in Gunungkidul was 714 according to 
colonial reports (Louw, 1894,1: 589). To what extent this reflects a real decline is hard 
to say, but it seems to correspond with the general pattern of out-migration from the 
principalities during this period. 
In 1825, moundng general discontent about the increasing power of the Dutch, 
worsening economic c o n d i t i o n s l 3 and personal grievances concerning succession rights 
10. In 1742 R.M.Said organized a movement opposing the susuhunan. Prince Mangkubumi succeeded in 
curbing the movement, although Said remained uncaptured. The susuhunan, however, failed to reward 
Mangkubumi, upon which the latter joined forces with Said. The susuhunan called for the VOC's support 
to defend him against the dissidents, but he became seriously ill, and before his death the VOC managed 
to force him to surrender the state of Mataram to the VOC. The VOC then installed his son as the next 
susuhunan. Meanwhile, Mangkubumi's rebellion gained in su-ength, until finally the new susuhunan had 
to yield to him. A peace treaty was signed in the village of Giyanti which called for the partition of 
Mataram into Surakarta, which would remain under the susuhunan, and Yogyakarta to be headed by 
Mangkubumi who became Sultan. Said ended his rebellion two years later with Surakarta ceding part of 
its territory as a fief to Said who became Prince MangkunegSrS. 
11. The scattered nature of the new territories resulted from the fact that all the princes and high officials 
who had followed the new Sultan, like the sovereign himself, had kept their own possessions 
(Kussendrager, 1841: 243). Consequently, the mdncdnegdrd were divided largely by region, while the 
negdrdgung were divided by village (Houben, 1987: 5). 
12. The consistency with which some cacah figures for certain areas are given over longer periods 
indicates that probably these figures do not indicate what the population of these areas necessarily was, 
although at some points they may do so. Rather they seem to present a conventionalised figure which was 
accepted as the normal or ideal population for each region and which was reported at various times. The 
Giyanti partition of 1755 was based on older conventionalised figures. It seems reasonable to suppose 
that these figures are based upon the last census to have preceded then, that of 1651 (Ricklefs, 1986: 6-7). 
13. This was partly caused by more loss of territory. In 1811 the Sultanate had to cede the rich core 
region Kedu to the colonial government in Batavia. As a consequence, the affected appanage holders had 
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to the throne gave rise to a five year long guerilla campaign led by Prince DipdnegM 
against the colonial government, which devastated and depopulated large parts of the 
Yogyakarta lowlands (Houben, 1987: 10-11). At the start of the war the Gunung Kidul 
area went over to the prince, who went there in person to gather troops. Politically, 
Gunung Kidul seems to have been quite a disturbed area. A reason explicitly mentioned 
was that much labour had been demanded to harvest the edible birds' nests in caves in 
the limestone cliffs along the south coast (Carey, 1981: 293). However, actual 
participation in the rebellion by the population was insignificant, as during the uprising 
the area suffered from an unknown epidemic disease which killed about one third of the 
population (Louw, 1894 vol. I: 248; de Klerck, 1909, vol. VI: 92-3). 
After the 1825-30 war the patchwork of Yogyakarta and Surakarta possessions in 
the Nagdrdgung were amalgamated into contiguous regions, as a result of which the 
present day Gunungkidul District went to the sultanatel^ with the exception of one 
small enclave 15, while all of the eastern part of Gunung Kidul became part of 
Surakartal6. 
3.4 1830-1910: Immigration and exploitation 
In 1836 Gunungkidul District was visited and described by the botanist-geologist 
Junghuhn. His accounts suggest that human impact was still limited in large parts of the 
area with forests still being extensive, in the western parts consisting mainly of teak 
{Tectona grandis), with mixed forests of mainly Albizzia species in the southern and 
southeastern parts of the area (Junghuhn, 1845: 100, quoted by Cordes, 1881: 182; 
Junghuhn, 1850 vol. I: 346). A contemporary map also shows the presence of extensive 
teak forests in the area (Figure 3.4). The 1838 statistics of Yogyakarta Residency also 
to be accommodated elsewhere. Existing appanage holdings were reduced in size to make room for more. 
This sometimes resulted in the doubling of taxes irrespective of land productivity (Houben 10-11). In 
1812 the sultanate also had to part with a small portion of its territory to a new principality in the 
Adikart^ region (present day south Kulonprogo), whose rulers obtained the title Pakualam. 
14. In the Gunung Kidul a total of 471 cacah were ceded by Solo to Yogyakarta, and 177 by Yogyakarta 
to Solo (de Klerck, 1905-9, Vol. VI, annex Via) 
15. This enclave w a s Ngawen in the northeastern part of the district which remained a possession of 
Prince MangkunegM. Imogiri including the tombs of the deceased kings of Mataram, Yogyakarta and 
Surakarta, on the edge of the Bantul lowlands, was jointly administered by Yogyakarta and Surakarta. In 
1958 the two territories were annexed by Gunungkidul district and Bantul district respectively. 
16. Nowadays located in the southern part of Wonogiri District in the Province of Central Java. 
57 
mention that the Gunung Kidul and Gunung Sewu were cultivated only sporadically and 
in small patches (Statistiek der Residentie Djocjokarta, 1838)17. This situation changed 
rapidly in the following decades. These changes were all largely induced by 
developments in the adjacent lowlands. 
Figure 3.4 the Gunungkidul area at the time of the Java War 
Source: de Stuers, 1847 
In the aftermath of the 1825-1830 war the principalities ceded all their outer 
provinces {mdncd nagdrd)^^ to the colonial government, thereby diminishing 
considerably in size. As a consequence, the burden of taxation in the form of labour, 
money and in kind deliveries appears to have generally increased (van den Haspel, 
1985: 10), and to have increased more in the peripheral parts of the realm to make up 
for the loss of state revenues incurred, because the sultanate attempted to maintain as 
much as possible the pre-war organisational structure of its administration (Houben, 
1987: 162). The need for revenues also applied to the exploitation of the teak forests in 
17. In the same year tlie area under rice cultivation in Gunungkidul District was reported to be 226 jung 
(Statistiek der Residentie Djocjokarta, 1838). If the standard conversion applied by the colonial 
government of 1 jung = 4 bau is used, this would amount to about 640 ha; in pracuce a jung was highly 
variable in size (Houben, 1987; 278). 
18. See notes Sand 11. 
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G u n u n g k i d u U 9 and led to an increasing pressure on the local population which had to 
cut wood by way of corvee, labour or through fixed d e l i v e r i e s 2 0 . With so few people 
living in the area, especially in the first years after the war, these deliveries became a 
heavy burden indeed on the population (Kussendrager, 1841: 239). Consequently, the 
teak forests in the area were increasingly subject to over-exploitation as a result of 
haphazard cutting with little or no planting. Within a few decades such cutting reduced 
the extensive, formerly continuous, forests to dismal remnants (Cordes, 1881: 150). 
At the same time the agricultural scene in the lowlands had started to change 
rapidly. Large areas of irrigable land were leased by (Indo-)European entrepreneurs 
from the indigenous elite, who held the land in appanage. These lease holdings were 
cropped with cash crops: indigo {Indigofera arrecta), tobacco and later on sugarcane 
(Saccharum officinarum). Particularly after 1860 sugarcane production assumed large 
proportions (Houben, 1987: 247). The great need of wood in the lowlands for fencing, 
for the construction of warehouses and carts, and as fuel for the processing of the crops, 
probably also contributed to the pressure on the forests in Gunungkidul; this was also 
the case elsewhere in Java (Dingemans, 1926a: 76; Houben, 1987: 317). Except for the 
supply of wood, the Gunungkidul area did not take part in the development of large 
scale commercial agriculture due to its adverse physical environment2l. It thereby 
19. Although in 1812 a treaty between the colonial government and the Sultan had been ratified stating 
that all teak forests in Yogyakarta were ceded to the colonial government, they continued to be managed 
by the sultan who held them in usufruct, provided that the wood requirements of the colonial government 
in the region were met (Cordes, 1881: 182). 
20. The following passage taken from a contemporary kraton manuscript may serve as an illustration: 
"The prime minister suggested that the population of the southern hill range should be relieved from the 
wood deliveries which, since they had been doubled, were a heavy burden for the little man, and that, 
whenever the tax demands in the form of timber deliveries to the state capital were excessive, it caused 
distress to the common people" (Leiden University Oriental Manuscripts, LOr) 2162 f. 341-342; meeting 
12th July 1833, quoted in: Houben, 1987: 376; translation jwn). 
21. A number of authors mention that at some stage government coffee cultivation took place in 
Gunungkidul. Yields were apparently disappointing and the enterprise was quickly abandoned (cf. van 
Valkenburg & White, 1923: 132-3; Bailey & Bailey, 1960: 3; Donner, 1987: 69). However, no evidence 
for coffee cultivation in Gunungkidul (e.g. in the form of contemporary reports or maps) has been found 
by the author. Moreover the colonial government did not impose compulsory coffee cultivation on the 
population of the Cenu-al Java principalities, as it did in its directly administrated territories. Coffee 
cultivation in Yogyakarta and Surakarta, if any, would have been undertaken by European entrepreneurs 
on lease holdings, by the princes or by indigenous state officials on their appanages and their produce 
sold to the colonial government (cf. Houben, 1987: 257-60). The idea of (government) coffee cultivation 
in Gunungkidul probably results from a misreading of a passage in Veth, who discusses the effects of 
government coffee cultivation referring to a section of the Gunung Kidul mountain range in the present 
Province of East Java, i.e. Pacitan (1903: 508). 
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missed out on the infrastructural works (roads, bridges, canals) carried out in the other 
districts, and hence continued to be a comparatively inaccessible a r e a 2 2 . 
The greatest change in Gunungkidul resulted from an unprecedented influx of 
people into the area following rapid population growth in the lowland areas. The 
increasing burden of duties and taxes imposed upon the lowland population by the 
indigenous elite, and the European leaseholders may have caused the population to 
move to areas where this pressure was likely to be less. The tax and labour burdens 
imposed by the indigenous elite had not only been increased in the wake of the cession 
of the outer provinces, but also as a result of a growing class of nobility and the 
increased number of tax collectors (bekel), to whom the appanage holdings were farmed 
out (cf. Tundjung, 1979: 38-40, 67; van den Haspel: 1985: 10, 14-15). The spread and 
expansion of lease holdings also tended to augment the burdens on the p o p u l a t i o n 2 3 . 
More unpaid labour and land were exacted than lease holders (who not only leased the 
appanages but also the rights to the labour of the population) were entitled to or the 
population could bear (van den Haspel: 14-15). This may have made life increasingly 
difficult for certain groups of people, particularly the fully-landed household (sikep) 
who had to bear most of the burdens (Tunjung: 67; Houben: 326). The decline of the 
lowland population between 1845 and 1867 in the areas cultivating indigo, as against a 
large increase in the more peripheral areas, such as Gunungkidul, is indicative in this 
respect (Houben, 1987: 300). However, towards the end of the 19th century, increasing 
land scarcity seems to have become the dominant force, compelling people to move into 
less fertile, but relatively sparsely populated a r e a s 2 4 . The ensuing rapid population 
growth in the Gunungkidul (Table 3.2) brought about a further expansion of the 
agricultural area at the expense of forest and grasslands. 
22. The topographic map of the Residency of Yogyakarta of 1892 shows that there was still only one 
pedati road (suitable for bullock carts) in the entire district connecting Wonosari and Rongkob, in the far 
southeastern comer of the district, with Yogyakarta. The neighbouring Bantul district, in contrast, had a 
dense network of pedati roads as well as roads suitable for carriages (Topografische kaart der Residentie 
Djokjakarta, 1892). 
23. Leasing their land to European entrepreneurs was very attractive to appanage holders: the former 
were able to make considerable profits and were prepared to pay much more to the patuh than a bekel 
ever could (van den Haspel, 1985: 12). 
24. The Koloniaal Verslag of 1892 speaks of crop failures, overpopulation and a reduction of sawah area 
under rice causing chronic food shortages in the Yogyakarta lowlands. It also mentions that in Kulon 
Progo and Gunungkidul there was still much cultivable land available (Olivier, 1892). 
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Table 3.2 Population growth in Gunungkidul District, 1755-1987 
Year Number Source 
1755 905 cacah^ de Klerck, 1905-9, vol. VI, 
appendix VIC 
1810 714 cacahb Louw, 1894-1904, vol I: 589 
1815 10,225^ Raffles, 1817: vol 2: 288 
1824d 13,220 Kussendrager, 1841: 237 
183ld 5,600 Kussendrager, 1841: 237 
1834 12,310 Statistische Opgave der 
Residentie Djocjokarta, 1835c 
1838 14,161 Statistiek der Residentie 
Djocjokarta, 1838c 
1845d 16,379 TNI 9 (1847), I. 343 onwardse 
1867d 28,416 TNI 16 (1869), 548 onwardse 
1892 119,624 Koloniaal Verslag, 1892 
1902 181,476 Koloniaal Verslag, 1902 
1905 212,433 Koloniaal Verslag, 1905 
1920 260,168 Volkstelling 1920 
1930 367,705 Volkstelhng 1930 
1961 565,436 Sensus penduduk, BPS, 1962 
1971 618,598 Sensus penduduk, BPS, 1972 
1980 684,059 Sensus penduduk, BPS, 1981 
1987 704,469 BPS, 1988 
Note: ^ refers to number of households accruing to the Sultan of Yogyakarta at the partition of 
Mataram in 1755. Area involved did not correspond to present district boundaries. Cacah is 
taxable household; the total number of households must have been somewhat larger. Taken from 
the Giyanti treaty. 
b This figure refers to a similar area as in 1755. 
c Available in the National Archives, Jakarta. 
d Present district but without the Mangkunegaran enclave of Ngawen. 
e Tijdschrift voor Nederlandsch-Indig. 
Source: see references. 
By the end of the 19th century the Wonosari plain had become relatively densely 
populated. Rice, maize, sorghum {Andropogon sorghum) and tobacco were cultivated 
on tegalan (Veth, 1903: Part 3, 496; Danes, 1910: 252). The forest had partly 
disappeared and been replaced by grass and shrubby vegetation (Veth: 496). The 
population in the Gunung Sewu was also rapidly increasing (Veth: 498). Animal 
husbandry was considered very important. 
3.5 1910-1942: Agrarian reforms, taxation and depression 
Towards the end of the 19th century it became increasingly clear to the colonial 
government and the Sultan that conditions in Yogyakarta and the other principalities 
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had become unacceptable from various viewpoints. Due to the lack of an efficient 
administration, especially at the lower levels, there was an increasing problem of 
maintaining law and order in the area. Roads were in a poor condition. Labour and tax 
demands had become increasingly burdensome on the population, while leaseholders 
had become painfully aware of the lack of security of their enterprises under the 
appanage system. 
In the indigenous kingdoms private land ownership was unknown. All land 
belonged to the sovereign. The rural population was only permitted to cultivate the land 
and keep part of the harvest after having paid their taxes and having fulfilled their 
labour duties. In the rice-cultivating lowlands the people normally had to cede two-
fifths of the harvest to the patuh and one fifth to the bekel. They had virtually no rights, 
only duties. Around 1900 conditions were similar in Gunungkidul, but allowances were 
made for the low returns in dry-field cultivation. The tax levied on tegalan crops was 
one third of the total harvest (cf. Selosoemardjan: 1962: 216-217). The burdens imposed 
under this system had increased over time due to the diminishing area of the 
principalities in 1831, the increasing numbers of the nobility as well as bekel competing 
with one another for contracts at the expense of the population (van den Haspel, 1985: 
10). Where appanages had been leased out to European entrepreneurs, demands upon 
the population were also extremely large in order to achieve the highest possible profit 
rates within the maximum 20 year periods that their contracts lasted25. The enterprises 
tended to demand more and more labour from the population for little or no 
remuneration. Competition among producers was also strong (van den Haspel, 1985: 
14-15, 25). The enterprises were also increasingly dissatisfied with the short duration of 
their contracts and the bargaining involved in making contracts26. 
It proved difficult to keep law and order, due to the absence of an effective local 
administrative system. Villages in Yogyakarta were residential clusters, and formed as 
such, natural communities. However, they had no formal organization or formal leaders. 
They found themselves under the control of various bekel who were no more than tax 
collectors and hardly had any administrative responsibilities. This law and order 
25. A maximum duration of conu-acts had been stipulated by the colonial government, in order to 
preserve the indigenous society as much as possible, but without much surrender of power of coercion 
(van den Haspel, 1985). 
26. When lease contacts started to expire, the European entrepreneurs found it difficult, sometimes 
impossible, to re-negotiate and extend their conu-acts with the patuh. They called for longer contracts so 
as to get easier access to the capital markets as well as to secure the investment of their fixed assets, such 
as factories and irrigation channels (van den Haspel, 1985: 187). They were also very much in favour of 
reducing the number of parties that they had to deal with to obtain a reasonable production area. 
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problem was compounded by the fact that roads were often in bad condition, as 
leaseholders had paid the appanage holders sums in order that the latter waived their 
rights to the labour of the population, which the lease holders subsequendy used for 
their own purposes (van den Haspel, 1985: 187). 
To remedy this situation, a number of administrative and agrarian reforms was 
carried out, over the entire region between 1910 and 1930. The reforms resulted in a 
more modernized type of administration, including a much greater involvement of the 
colonial administration in the affairs of the sultanate. The appanage system was 
abolished and the population was given inheritable rights of cultivation. The land itself 
became the property of the new villages that were to be installed. Tax payments in kind 
and a number of labour services were replaced by a land tax and a poll tax (for 
landholders only), both to be paid in c a s h 2 7 . Tax rates were established at the same 
level as in the other parts of Java, viz. 20% of total produce of sawah, 12.5 % of home 
gardens (pekarangan) and 10% of tegalan (van Bijlevelt, 1915: 9). Labour services to 
patuh and bekel were abolished, but not those involving the maintenance of roads, 
bridges, weirs and dikes (van den Haspel, 1985: 208). As a result, the principalities had 
changed from the most heavily taxed parts of Java to those where the tax burden was 
the lightest of all (Meijer-Ranneft & Huender, 1926: 150). 
The leaseholders were given the opportunity to extend their contracts. They paid a 
rent to the landholders and took care of the land tax. The leaseholdings had to use free 
labour (although it was agreed that they could sdll avail themselves of compulsory 
labour for a period of five years after their 'conversion'). The Sultan and state officials 
were remunerated from the state treasury which was funded by tax revenues. 
The function of bekel was abolished. Village {desa or kelurahan) administrations 
were installed, each encompassing a number of settlements. Village heads (lurah) and a 
number of assistants (pamong desa) were appointed. The desa administrations were to 
take care of internal village affairs, watch over land t r a n s a c t i o n s 2 8 , carry out land 
registration, collect taxes and maintain law and order. One fifth of the croplands, where 
27. The introduction of tax payments in cash to replace labour services had in fact already been taking 
place well before the reforms. It had started earlier in areas which were more monetized. Around 1910 
jagulan levies (see glossary) were collected almost everywhere. Replacement of the rukun-gawe by cash 
levies also became common in all principalities (van den Haspel, 1985: 9). 
28. The village adminisuntion could wididraw someone's user's right {dedel right) in case of long 
absence or departure without proper arrangement, or if the landholder (kuli kenceng) did not fulfil his 
duties (Stok, 1939: 97-98). 
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possible, were turned over to the newly installed kelurahan to be used by the village 
officials as salary fields, also called lungguh, and for other purposes. At the same time 
various reorganizations were carried through at the higher administrative levels. At the 
district level the colonial government assigned an assistant-resident (in Gunungkidul 
since 1903). European officials were brought into the more technical offices of the 
princely governments in subsequent years (O'Malley, 1977: 179) 
In Gunungkidul the administrative and agrarian reforms were completed in 1913, a 
few years ahead of the lowland regencies, because they were relatively easy to carry out 
in the absence of lease holdings in the area (Encyclopaedic van Nederlandsch-Indie, 
1916). Generally, the agrarian reforms provided the population with a larger share in 
their produce, much more security, and in the lowlands with larger cash incomes. In 
Gunungkidul for the farmers the blessings were perhaps mixed. The control over land 
and people may have become more strict. Farm lots were mapped, classified according 
to quality, and registered; households were grouped in administrative units and 
subordinated to village administrations29. Unlike the lowlands, most labour duties in 
Gunungkidul were abolished, including the teak felling and hauling duties (the 
blandong duties) in 1904 (Bellers, 1925) and probably also the collection of edible 
birds' nests on the coast (cf. Veth, 1903: 501). However, they were replaced, at least 
initially30, by high payments in cash (the peraneman tax) of six guilders per year for 
landed households and two guilders for households with house lots only (Couperus, 
1908: 10). These were large sums of money compared to the poll tax of two guilders 
levied elsewhere31. The payment of tax was a recurrent problem in isolated areas where 
there was little exchange of goods. In areas where European estates operated the 
population found it relatively easy to pay the poll-tax and they often did not have to pay 
the land tax, as the land was leased (van den Haspel, 1985: 209). 
The population of Gunungkidul (and Kulonprogo) also had to put up with certain 
payments which were not required in the lowlands. In these infertile and thinly 
populated areas the villages had fewer inhabitants and extended over larger areas. The 
village heads thus found themselves with greater distances to travel, while the lack of 
29. It is probably also from this lime that population figures which may have been underestimated before, 
now reflected the actual numbers of people living in the area. 
30. This tax was no longer mentioned in the 1920s and 1930s. ApparenUy it had been abolished. For these 
years, mention is only made of the regular poll-tax being levied in Gunungkidul District. 
31. The poll tax was widely evaded by landholders throughout Yogyakarta. Land belonging lo a number 
of relatives was registered under the name of one person (kuU ngarep) only. The tax and labour burdens 
were then equally shared with the others (kuli mburi). 
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people, wealth and good fields meant less taxes for them to collect (from which they 
received a portion). To supplement their returns these village heads were entitled to the 
proceeds from a certain form of taxation called pdldgdrd Under this system, the village 
heads were to receive cash payments from the villagers involved upon such occasions 
as marriages, divorces, transfers of property and other transactions. This meant a greater 
tax burden for the population, particularly in a time of deflation, which occurred in the 
1930s (O'Malley, 1977: 316)32. 
Of equal importance for the livelihoods of the population in Gunungkidul was that 
from 1904 the management of the remaining teak forests was taken over by the colonial 
forest service. The purpose was to give their exploitation a sustainable basis, which so 
far had not been achieved in spite of decades of commissions and rearrangements 
(Bellers, 1925; Dingemans, 1926a). Forest boundaries were fixed. A strict policy of 
prohibiting use of the forest and its products by the population was adopted, and 
enforced in collaboration with the new village administrations (Bellers, 1925: 257). 
The world depression of the 1930s caused much hardship for the rural population 
of Yogyakarta. Both the poll-tax and the land tax had to be reduced several times33. 
Nevertheless, the taxes did not fall as swiftly as did the prices of the farmers' food 
products. The people were forced back into an economy based on self-sufficiency and 
barter (O'Malley, 1977: 190-191, 216 305). The farmers produced more food crops than 
they had done before, and they had to sell or barter more of those food crops to obtain 
the necessities they could not produce themselves and still find the cash for tax 
payments. There was also pressure on livestock production as the slaughter tax became 
extremely repressive as a result of the declining economy (O'Malley, 1977: 217). 
Clearly, both in consequence of the reforms and of the deteriorating economic 
situation after 1929, the agricultural system provided little opportunity to earn cash and 
the population of Gunung Kidul must have been hard-pressed to meet its tax obligations 
throughout the depressed inter-war period. Descriptions of the situation of Gunungkidul 
in these years by Dingemans (1926b, 7-9) and Selosoemardjan (1962: 245) confirm this. 
32. On the Third Congress of the Indonesian Communist Party (PKI) held in Yogyakarta in July 1933, a 
motion was passed urging that consideration be given to lowering or abolishing these taxes (O'Malley, 
1977: 315-317). 
33. The poll-tax was reduced in 1932 by 37.5 per cent in Gunungkidul and Kulonprogo and by 33.5 per 
cent in the remainder of Yogyakarta. The land tax was reduced by 8.5 per cent in 1932,15 per cent in 
1933 and by 31.7 per cent in 1934; reductions in subsequent years grew smaller (Stok, 1939: 140-142; 
O'Malley, 1977: 216) 
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Agriculture was strongly subsistence oriented. The population was seen as poor, but 
capable of sufficiently feeding itself at least in normal years (Dingemans, 1926b: 7). 
Selosoemardjan estimates the average landholding in Gunungkidul (and Kulonprogo) at 
the time of the reforms at three hectares. This was somewhat beyond the working 
powers of a peasant family with one cow for ploughing. Cassava had become an 
important staple in the area to feed the growing population. However, the fact that large 
parts of the cassava fields often remained unharvested for two or more years suggest 
that food was not in short supply (Selosoemardjan, 1985: 223). 
The procurement of cash, however, was clearly a problem. The level of 
monetisation was lower than in the lowlands. Some rice, maize, soybeans, tobacco and 
cassava were sold for cash or bartered for other items. Only a very small portion of the 
population was involved in trading, and opportunities for wage labour were almost non-
existent. Agricultural or industrial enterprises did not occur in the area and cottage 
industries were underdeveloped (Dingemans, 1926b: 7-8; Hominge, 1926: 37-38). A 
very large part of cash earnings was used to pay taxes (Selosoemardjan, 1962: 245). 
Throughout this period the population continued to grow rapidly, and the area under 
rainfed cultivation expanded dramatically. In 1925, an area of 36,611 ha was under dry 
land cultivation (home gardens and tegal-, (Bagchus, 1929); in 1952 it totalled of 
119,151 ha (BPS Yogyakarta, 1957). The area under sawah, however, had hardly 
increased (6167 ha and 7385 ha respectively). 
3.6 1942-1967: Political struggle, institutional change and economic stagnation 
The Japanese occupation (1942-45) ushered in a period of great distress for large parts 
of the population. The occupational force requisitioned rice, cassava, cattle and 
manpower firom all over the Special Region. There was a great shortage of food, 
clothing, and other commodities, with some people literally starving to death; 
agriculture became disorganized because of the shortage of labour and because of the 
smothering of any incentive to produce; more than 70 per cent of each crop had to be 
delivered to the Japanese military administration (Selosoemardjan, 1962: 46). 
The Japanese occupation was followed by the Indonesian revolution, which led to 
armed conflict between the Indonesian nationalist guerilla forces and the Dutch 
Colonial Army. From 1946 to 1950,, the city of Yogyakarta served as the seat of the 
government of the new Indonesian Republic. Within that period the city was attacked 
and occupied once by the Dutch for six months, while resistance continued from the 
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countryside. In 1949 the sovereignty of Indonesia was recognized by the Dutch. The 
Yogyakarta region -in recognition of the Sultan's efforts to support the revolution- was 
allowed to retain a special status in the new Republic. Under the new administration a 
great number of institutional reforms was carried out in the area. In 1946 the poll-tax 
was abolished. In 1951 the right to cultivate land was converted into the right to own 
land. In 1956 the number of compulsory duties was decreased. These measures all 
greatly relieved the burdens on the rural population and gave them more security 
(Selosoemardjan, 1962: 225). 
Despite these measures, the agricultural conditions had substantially deteriorated. 
Due to population growth, average landholdings had become smaller. According to 
Selosoemardjan, Gunung Kidul farmers were on average still slightly more capable of 
feeding themselves without having to resort to off-farm employment than rice growing 
farmers in the lowlands. However, there were virtually no off-farm sources of income in 
the area, whereas in the lowlands, there was some scope for non-agricultural work 
(Selosoemardjan, 1962: 229-230). Moreover, in the lowlands, the abolition of 
leaseholdings, freed land, and together with the high rice prices at the time, enabled 
farmers to produce more rice, as well as cash crops, like tobacco for the local market 
(Fryer, 1959: 458-459). The cattle industry was everywhere hampered by increasing 
fodder scarcity and very high inflation rates due to deficit spending by the government 
and the failure of production to keep up with rapid population growth (Selosoemardjan, 
1962: 242-243). Infrastructure was left to deteriorate, especially during the 1960-65 
period (Hanna, 1974: 8). 
Although protein deficiencies in the diets of the Gunungkidul population had 
already been reported by the late 1930s (Instituut voor Volksvoeding, 1941), nutritional 
oedema now became common during the period preceding the first harvests of the 
season (Bailey, 1961; Timmer, 1961). Droughts and rats were more devastating than 
they had ever been before. A serious famine occurred in 1956 (Selosoemardjan, 1962: 
307). In 1963 a combination of rats and drought compelled a large part of the 
population to leave the area to find work or food. Poverty, famine, and treeless 
landscapes combined with serious erosion (Dames, 1955) became synonymous with 
Gunungkidul. Produce from the farmland alone was not enough to supply more than the 
meagre daily food supply. Moreover, there was widespread indebtedness, which forced 
the population to sell their cassava at very unfavourable prices to traders, or even, to 
mortgage their land (M.J. Bailey, pers. comm.). To help bridge the budget gap for basic 
clothing and housing many households engaged in some craft work, e.g. tile making, 
stone cutting and breaking, basketry for mats, utensils and bird cages, and weaving. The 
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product was carried on foot, some 25 to 30 km to Yogyakarta, Klaten or Solo, where the 
market possibilities were greater than in the region (Bailey & Bailey: 1960: 274). 
The remaining forest, which had already gready suffered under the Japanese 
occupation by over-cutting and conversion into agricultural land by squatters 
(Kementerian Penerangan, 1953: 483-484; Fryer, 1959: 455), came increasingly under 
attack by a population seeking provisions of wood and fodder (Soedarwono H. 1979: 
112). An ever growing number of people started to leave the area during the 1960s, 
many joining transmigration schemes34 (Figure 3.5). 
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Figure 3.5 Number of transmigrants per annum, Gunungkidul District, 1957-1986 
Source: BPS, 1960-1987 
Of the political parties and organisations which became active after independence, 
the PKI (Partai Komunis Indonesia, Communist Party of Indonesia) found many 
supporters in the area, more than in any other district in the Yogyakarta Special 
34. Fifty eight per cent of all transmigrants from the Yogyakarta Special Region during the 1960s came 
from Gunungkidul (McDonald & Alip Sonlosudarmo, 1976: 61), 2.3 times as much as from the rest of 
the region on a per capita base. 
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R e g i o n 3 5 . The communist doctrines, even if they were not fully understood in the rural 
areas of Yogyakarta, appealed to the poor, giving them hope for a better future, in 
which they supposedly could play an important role (Selosoemardjan, 1962: 154, 187). 
3.7 Developments after 1967 
In 1965, another year in a series of extremely dry years adding to the crisis situation in 
Gunungkidul, political events in Jakarta led to the reshaping of Indonesia's political 
system. The role of the existing political parties and organisations, notably the PKI, 
ended and economic policies were considerably changed. The pursuit of economic 
development (pembangunan) became the prime concern of the national government. An 
open-door policy was adopted, allowing the investment of foreign capital. High oil 
revenues throughout the 1970s and early 1980s made funds available for development. 
In the 1970s emphasis was given to improvement of infrastructure, such as roads, 
bridges, irrigation channels and buildings. This, and the flood of Japanese minibuses 
(the 'Colt revolution') greatly improved transportation across the island (Dick, 1989). 
Credit schemes, providing for the purchase of fertilizer and high yielding rice varieties, 
triggered off a green revolution which eventually made the country self-sufficient in 
rice (Booth, 1988: 146-158). The government also committed itself to curb the rapid 
population growth and launched a family planning programme. During the 1980s the 
scope of development broadened taking into account such matters as production 
increase of non-rice crops and income distribution. 
These changes also had far reaching effects, in the Yogyakarta Special Region. The 
impact on living conditions and economic activity was not immediately noticeable, 
however. In the early 1970s Yogyakarta still ranked among the poorest provinces in the 
country (Mubyarto, 1970; Hanna, 1974), but it was clear from the outset that the 
province participated fully in the various national programmes. Birth rates dropped 
more quickly and sooner than elsewhere. The rise in rice yields was above the average. 
35. Around 1955 this parly had 19 out of the 35 seats in the kabupaten legislature and 3 out of the 5 seats 
in the legislative council plus the seat of its chairman. Also, about 80 per cent of the village heads and 
other members of the village administrations were members of the PPDI (Persatuan Pamong Desa 
Indonesia, a communist organization of village administration members of Indonesia). On the other hand, 
not a single officer of the civil service in Gunungkidul was affiliated with the PKI. This was possible 
because they were appointed, could be moved and were ultimately dismissible by the provincial 
administration, where the PKI had no majority position. This situation was a source of friction between 
the subdisuict administrations and the village administrations (Selosoemardjan, 1962: 154). 
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In the second half of the 1970s, commentators became much more optimistic about 
developments in the area (Hill & Mubyarto, 1978). At present, Yogyakarta ranks among 
the provinces with the highest standards of living in Indonesia (Booth & Konta 
Damanik, 1989). 
Although they set in later and took place at a slower rate, developments in 
Gunungkidul have followed the general trends in Yogyakarta. The complete overhaul of 
the political configuration may have impinged more heavily on the district than 
elsewhere in Yogyakarta36. Due to the initially heavy emphasis on wet land rice 
cultivation, the rise in productivity of the upland crops cultivated in the area has lagged 
behind that of rice in the lowlands, but has accelerated considerably during the last 
decade. The incidence of nutritional oedema gradually declined during the 1970s. In 
1968, 13,920 cases had still been reported in the district; in 1974 there were only 512 
cases (BPS, 1969-1975). The improvements in transportation were also enormous. 
Roads and bridges were repaired and improved and new roads were constructed3V. 
Large scale regreening campaigns were carried out. Water supply was improved. Health 
services were stepped up, and education levels rose. New institutions were installed 
such as regional planning boards (Bappeda). The staff of extension agencies were 
enlarged and became better equipped. In the meantime population growth continued to 
decline (Table 3.2) as a result of birth control, changing marriage pattems38 and out-
migration to the cities as well as to the trans-island resettlement schemes 
(transmigration). Although the birth and death rates, departures and arrivals int Table 
3.3 are likely to be underestimated, they do show a trend of declining natural growth 
and a nearly persistent net emigration rate. Interestingly, the proportion of transmigrants 
among the leavers increased from 15 per cent in 1969-70 to 54 per cent in 1981-1985. 
36. A large number of village administrators were forced to leave office, were detained for shorter or 
longer periods. Some persons disappeared. 
37. For instance, in 1960, none of the 160 km network of provincial and district roads had been asphalted; 
in 1987,85 per cent had become asphalted, while the network had been expanded by 25 per cent (BPS, 
1963-1988). 
38. The number of marriages per 1000 females in Gunungkidul Disu-ict, for instance, decreased from 31.4 
in 1958 to 19.5 in 1986. This is probably partly due to a decrease in second marriages, as the proportion 
of marriages breaking up (talak) decreased from 49 per cent to 8 per cent during the same period (BPS, 
1960-1987). 
70 
Table 3.3 Population dynamics in Gunungkidul District (average percentual rates per annum), 
1969-1985 
Period Birth Death Balance In Out Balance Growth 
1969-70 2.12 0.47 1.65 0.71 1.03 -0.32 1.33 
1971-75 1.81 0.44 1.37 0.65 1.06 -0.41 0.96 
1976-80 1.46 0.33 1.13 1.01 0.93 0.08 1.21 
1981-85 1.41 0.28 1.13 0.48 1.19 -0.71 0.42 
Source: BPS, 1969-1986 
Apart from government programmes, a substantial number of non-govemment 
organizations, such as Diyan Desa and Foster Parents Plan, have undertaken projects 
which have stimulated local development within the district over the years. 
3.8 Recent developments in the study villages 
At this stage it is appropriate to see how some of these developments have affected the 
three study hamlets (Figure 3.6). We will confine ourselves here to developments in 
transportation, education and migration, developments that have tightened the links 
between the hamlets and the external world. The study hamlets have all been subject to 
these developments to various degrees. It is important to point out these differences also 
because accessibility has been one of the criteria used for selection of the hamlets (see 
Chapter 2). 
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Figure 3.6 Location of the three study hamlets 
Source: BPS, Yogyakarta, 1980 
From topographical maps daring from the 1930s it appears that the three hamlets were 
all inter-connected by similar, unsurfaced roads, only passable for bullock carts 
igerobag). However, bullock carts were not used very much at that rime, because of the 
small amounts of merchandise and the ruggedness of the terrain. People went on foot to 
the markets, carrying their produce on their heads or with a carrying pole ipikut). They 
were able to cover long distances in this fashion. People in Legundi, for instance, went 
to the market of Imogiri on the edge of the Bantul lowlands, a five hour walk. 
Sometimes traders from Playen, Wonosari or Yogyakarta made use of small pack-
horses to transport their loads to the lowlands. Only village heads and a few better-off 
farmers kept horses. There was no motorized transport available whatsoever. In the 
chief town of Paliyan subdistrict, in which two of the study hamlets are located, a 
regular bus service was operated to the District capital Wonosari and vice versa in the 
early 1950s, but the service was eventually closed down due to the worsening economic 
conditions. 
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During the 1970s the situation started to change. In 1971 the road from Paliyan to 
Imogiri passing two of the three study hamlets, Kepek and Legundi, was improved and 
levelled with a steam-roller and became passable for trucks. Public transportation, 
however, still remained rare. When this road was asphalted in 1983 and 1984, Colts and 
other minibuses (kijang) entered the scene. Village roads were also widened and 
improved with stone pavements, or asphalt on steep stretches. The roads to the hamlets 
of Kanigoro, however, had at the time of the survey not been significantly improved. 
As a consequence, public transportation to and from Mendak is still poor. A pick-up 
truck owned by a local farmer goes only once a day to the market of Trowono, 5 km 
away. The other hamlets, on the other hand, are frequented at least 20 to 30 times a day, 
from sunrise to about 4 p.m., by minibuses operating along the main road. Also a bus 
passes once a day. One can now reach Wonosari in an hour, or Yogyakarta in two hours 
and still be able to return on the same day39. 
All hamlets now have their own elementary schools. Kepek has even a junior high 
school. Twenty years ago lessons were still given in private houses for lack of 
appropriate buildings. From the general household survey it is apparent that educational 
attainment levels have increased considerably: 85 per cent of people older than 40 years 
had no formal education whatsoever, whereas this was only 40 per cent for the age 
group of 21 to 30 years. Those who had attended secondary school made up three and 
twelve per cent of the respective age groups. However, compared with other areas, 
illiteracy among adults is still substantiaHO and the majority of the adult population has 
still little or no knowledge of the Indonesian national language (Bahasa Indonesia). 
Some adults had actually acquired some command of the language while working in 
Jakarta or the outer islands. However, at present, virtually all children aged seven to 
twelve are in school. 
39. This contrasts quite strongly with the situation in earlier years. A dentist in a Yogyakarta clinic told 
me that as late as 1972 people from Panggang District would leave their homes in the evening and walk 
all night to be in time for his surgery early in the morning. 
40. Some older people who had attended the three year Sultanate schools before Independence had 
learned to read and write the Javanese script, but were not able to read anything written with the Latin 
alphabet. 
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Table 3.4 Population growth in the three study villages, 1961-1988 
Village^J Population Average annual 
growth rate 
1961 1971 1980 1988 1961-71 1971-80 1981-88 
Kepek (Kepek) 4526 4612 4811 5052 0.2 0.5 0.6 
Girimulyo (Legundi) 4678 5197 5412 5052 1.0 0.5 -0.1 
Kanigoro (Mendak) 4315 4649 5255 5381 0.8 1.3 0.3 
Note: ^ Study hamlets in brackets. 
Source: BPS Gunungkidul, 1981. 
Population growth in the three hamlets has been small over the last three decades 
(Table 3.4). In all three hamlets, low population growth has been caused largely by out-
migration. Rising education levels have clearly been one of the causes of outmigration. 
In the general household survey, 91 per cent of the people (95 persons) who had left the 
households interviewed in the survey had enjoyed some years of schooling. Of those 
who had left because of marriage (122 persons), only 59 per cent had been in school. 
While the latter usually settled in the same village or at least in the same subdistrict, the 
former generally left the district: as many as 48 per cent had left for one of the outer 
islands, either as government-supported transmigrants or on their own; 25 per cent had 
gone to the Nation's capital Jakarta, while the others had gone to other places in Java. 
From the results of the general household survey it is also clear that there has been a 
growing tendency for people to leave the household in search of work, and therefore, to 
leave the district (Table 3.5). Men and women have been leaving for work in equal 
numbers, except in Mendak, where the number of women departing in search of work 
has been quite small. 
Table 3.5 Stated reasons for moving in the three study hamlets 
Time of Reasons Total 
departure marriage work other unknown 
before 1960 30 6 _ 2 38 
1961-1970 21 6 1 1 29 
1971-1980 27 31 1 - 59 
1981-1988 45 52 2 - 97 
Source: General household survey. 
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Household41 size and composition also show some differences between Kepek and 
Legundi on the one hand and Mendak on the other hand (Table 3.6). Households in 
Kepek and Legundi are larger than in Mendak, reflecting a larger proportion of 
households consisting of more than two generations. In Kepek and Legundi household 
size as counted in the survey significantly exceeds household size calculated from 
village registration statistics. The differences between the hamlets are probably caused 
by differences in pressure on land and migration patterns. Landholdings in Mendak are 
larger; there seems to be a greater tendency for parents to divide their holdings among 
their children during their lifetime; the children then establish their own household (see 
Chapter 6), this greater access to land may partly explain why there has been less out-
migration (except in times of great distress). Accessibility may be another reason. In 
Kepek and Legundi, however, parents and children seem to stay longer together, 
probably because there is more pressure on land. Hence, there is also more out-
migration, partly assuming the form of circular migration. Circular migrants, and 
probably many permanent migrants as well, are often still registered in the village of 
their origin, which explains the noted discrepancies. 
41. A household (somah) is defined as a group of people, usually a family or extended family, living 
together and pooling their resources. As is generally the case in Java, it is the basic social and economic 
unit. 
75 
Table 3.6 Household si/e and composition in the three study hamlets 
Kepek 
51 
Legundi 
48 
Mendak 
50 
Number of persons: 
survey 
entire hamlet 
Composition: 
Couple, with or 
without children 
Couple or one person, 
with married child(ren), 
with or without 
grandchildren 
Single household, or 
person with child 
or grandchild 
Other 
4.3 
5.4 
26 
14 
4.5 
5.0 
19 
14 
4.1 
3.9 
37 
Source: General household survey and village administrations. 
Note: Married children include sons or daughters-in-laws. 
Some of the other differences between the three study hamlets will be drawn out in 
the next chapter which is concerned with the environment. 
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Chapter 4 
The environment 
4.1 Introduction 
The purpose of land management is to restore or maintain the productive capacity of 
land. It thereby constitutes the whole of a farmer's purposive inputs into a set of 
continuously interacting biological and physical processes taking place on the land. The 
ultimate aim of land management is production. The production potentials offered, and 
constraints imposed, by the bio-physical environment therefore need to be clarified. 
Furthermore, in order to identify and assess changes in both land qualities and human 
adaptation over time, both the present bio-physical conditions and the original! 
conditions have to be known and understood. The present chapter will not elaborate on 
the processes through which both the environment and land management may have 
changed. It will leave the questions of the past and present interaction of land 
management with the bio-physical environment to subsequent chapters. 
4.2 Climate 
Central Java can be characterized as having a tropical monsoon climate. Cooling of the 
Eurasian continent and heating of the Australian land mass in the southern hemisphere 
summer causes a broad northwesterly monsoon over Eastern Asia. The arrival of the 
northwest monsoon marks the beginning of the rainy season in these regions, usually by 
the end of October or the beginning of November. In the northern hemisphere summer, 
when heating of the Eurasian land mass occurs, and the equatorial low pressure belt 
(Intertropical Convergence Zone) shifts northward, the area becomes more exposed to 
the relatively dry air masses moving in from the Australian continent. The dry season or 
east monsoon usually starts around May (Oldeman, 1975: 8). 
The average annual rainfall in the Gunung Sewu varies locally between 1900 and 
2200 mm. Annual rainfall is markedly higher than in the Wonosari depression to the 
north of the study area, which is probably due to the Gunung Sewu's proximity to the 
Indian Ocean as well as a slight orographic effect (Figure 4.1). 
1. 'Original' in this context means before human occupation for agriculture in whatever form. 
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Figure 4.1 Isohyet map of the Yogyakarta Special Region (mean annual rainfall) 
Source: Groundwater Development Project, 1984, vol. 2. 
Cyclones do not occur in the area. Recordings from the weather station in 
Panggang Subdistrict show that reliable rainfall is negligible between June and 
September. Recordings from the weather station of Paliyan Subdistrict, located in the 
Wonosari depression, indicate a longer dry season (Figure 4.2). 
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Figure 4.2 Mean monthly rainfall at Paliyan and Panggang weather stations, 1955-1988 
Source: Rainfall data obtained from Agricultural Service Gunungkidul District, Wonosari. 
According to Oldeman's (1975) agro-climatic classification for Java, the Gunung 
Sewu belongs largely to the C2 zone, defined as an annual rainfall regime with 5-6 wet 
months and 2-4 dry months. Its northern fringe, however, may tend to a D3 climate with 
3-4 consecutive wet months and 5-6 dry months. Wet months are defined as having 
more than 200 mm rainfall and dry months less than 100 mm. The dry month limit of 
100 mm was chosen because most annual upland crops require this monthly amount2. 
For the dry season, a minimum of two months has been taken based on the assumption 
that if there are less than two dry months the farmers can easily overcome this period, 
because, generally, there will be enough moisture available in the soil (Oldeman, 1975: 
16). 
There is considerable variation in rainfall from year to year. Shifts in the start and 
end of the rains occur, or dry spells in what should 'normally' be periods with sufficient 
rainfall. Table 4.1 shows the duration of the longest annual droughts for Yogyakana 
(city) over the period 1951-1983. A drought period was defined as a continuous period 
2. The wet month limit was adopted with wet rice cultivation on rainfed sawah in mind. Five consecutive 
months is regarded to be optimal for one crop. If less than three consecutive months occur, no rice can be 
cultivated without supplemental irrigation. Virtually no rainfed sawah, however, occurs in the Gunung 
Sewu. 
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with no daily rainfall exceeding 5 mm (a figure which approximates the 
evapotranspiration rate). It is immediately apparent that droughts of five to six months 
duration are not rare events3 (Groundwater Development Project, 1984, vol.2: 5). 
Table 4.1 Maximum annual droughts at Yogyakarta for the period 1950-1983 (excluding 1970) 
Rank Approximate Drought Year 
return period duration recorded 
(years) (days) 
1 59 187 1967 
2 21 187 1963 
3 13 167 1961 
4 9.3 160 1965 
5 7.3 153 1977 
6 6.0 146 1971 
7 5.1 145 1972 
8 4.4 142 1969 
9 3.9 140 1976 
10 3.5 129 1959 
11 3.1 125 1964 
12 2.9 114 1966 
13 2.6 114 1983 
14 2.4 113 1979 
15 2.3 108 1982 
Source: Groundwater Development Project, 1984, vol 2: 7. 
For three weather stations in the study area a dry period index was designed on the 
basis of monthly rainfall figures, indicating below average rainfall for each year^ 
(Figure 4.3). The results agree fairly well with the figures presented in Table 4.1. Some 
of the years that score high on the index appear to correspond to warm ENSO events5, 
3. 1982 produced an exceptionally long dry season over the whole Special Region. In most areas there 
was negligible rainfall for about 6.5 months. This event is disguised in Table 4.1 since a daily rainfall of 
6.5 mm was recorded at Yogyakarta in July. If this single shower were ignored (as occurred in most of 
the Region) then there would have been 200 days with no rainfall, an event associated with a return 
period in excess of 50 years (Groundwater Development Project, 1984, vol. 2: 7). 
4. The dry season index was computed in a similar fashion as was done by Allen (1989). Some 
modifications were inu-oduced to make the index more suited lo the marked seasonal rainfall pattern in 
the area and more sensitive lo the assumed impact on local agriculture (see annex). 
5. In ENSO (£/ Mno/Soulhem Oscillation) warm events, relaxation of the easterly surface winds in the 
Pacific permits the higher sea level in the western Pacific that they drive to fall, and warm surface water 
covers the cold upwelling in the central and eastern Pacific so that the most marked response is the 
replacement of cold by warm surface water off the Peruvian coast; this is the El Nino. In the western 
Pacific, the effect is to shift the area of deep convection from over the Indonesian archipelago and the 
surrounding seas further east into the mid-Pacific. The Intertropical Convergence Zone weakens over the 
western Pacific and Indonesia, and the branching South Pacific Convergence Zone, formed between the 
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such as 1965, 1972, 1982 and 1987. The high incidence of dry period years in the 1960s 
is striking. 
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Figure 4 J Dry period index for three weather stations in Gunungkidul District, 1909-1988 
Source: see appendix 1. 
Rainfall intensity figures are not available for the area, but much of the rain, 
especially at the beginning and during the peak months of the rainy season, comes in 
mid-Pacific easterlies and the Hadley ceil over the Coral Sea also shifts further east Anomalously low 
rainfall accompanies the tendency to subsidence under a high altitude convergence zone over New 
Guinea and Indonesia (Brookfield & Allen, 1989: 206-207). 
81 
violent downpours (locally called tracap) which are high in intensity and therefore also 
in erosivity. 
Mean annual temperature in the area is principally a function of elevation, 
decreasing from about 21 o C at sea level by approximately 0.62O C for every 100 m 
increase (Groundwater Development Project, 1984, vol. 2: 14). With an elevation 
varying between 100 to 350 m above sea level, mean annual temperatures in the study 
area range approximately between 25o to 26o C. There is little seasonal variation in 
temperatures. Diurnal variations are more marked, being in the range of 22° to 32o C at 
sea level (Groundwater Development Project, 1984, vol. 2: 14). During the dry season, 
maxima and minima are wider apart as a result of more sunshine during the day and 
greater eradiation during the night. Wind speed is generally low. 
4.3 Geology and geomorphology 
The Gunung Sewu6 ('the Thousand Hills') stretches from the mouth of the Opak river 
to the Bay of Pacitan in East Java, a distance of more than 85 km, with a coastline of 
steep 50 to 100 m high cliffs. Its width from north to south varies between 10 and 25 
km. Altogether it occupies an area of approximately 1400 km2, two thirds of which are 
situated in Gunungkidul District. The three villages selected in this study are situated in 
the western part of the area (Figure 3.6). From about 100 m elevation near the south 
coast the terrain rises gradually to an average altitude of 300 m. 
Geology 
Geologically the Gunung Sewu is quite homogeneous. The entire area is composed of 
reef-limestone which is white to yellowish in colour, partly solid and hard, and partly 
somewhat chalky and porous; massive beds occurring in layers of two or three metres 
are not, on the whole, very visible (Dames, 1955: 96). These so-called Wonosari Beds 
attain a total thickness of 800 m (van Bemmelen, 1949: 557). They were deposited 
during the later pan of the Miocene period. The subsidence of the Southern Mountains 
6. This is the Javanese name. Another version is Puniuk Sewu. Occasionally, the Indonesian equivalent 
Gunung Seribu is used in official reports. In the Dutch-colonial literature, the area is referred to as 
Duizendgebergie, having the same meaning. The local people seldom use this name for their area; many 
do not even know it. They see their area as just another part of the Gunung Kidul and distinguish it as 
such from the lowlands (ngare) to the north and west. 
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belt then came to a halt and the top of the Wonosari limestones remained at sea level for 
the remainder of the Tertiary and into the early Pleistocene. No erosion took place and 
no karst topography was as yet formed during this period (Lehmann, 1936: 64). From 
the middle-Pleistocene the Java-geanticline arched up again. The Gunung Kidul area 
was elevated and tilted southward, forming its south flank (van Bemmelen, 1949: 557), 
and karst phenomena were then formed in the massive Wonosari limestone. The strata 
are not folded and, as far as can be seen, are distorted only at the edge of the karst area 
or in certain places, when faulted7. 
Karst 
Karst refers to terrain with distinctive landforms and drainage arising from greater rock 
solubility in natural waters than elsewhere (Jennings, 1985: 1). The phenomenon occurs 
most notably in limestone, which chemically consists largely of calcite, a mineral form 
of calcium carbonate (CaC03)8. The rate of solution of the limestone is controlled by 
both the rate of reaction at the rock surface, which is directiy dependent on temperature 
and on the carbon dioxide present, and by the rate of mass transport of reactants and 
products from that surface into the whole body of water involved, which increases with 
water temperature and flow velocity (Jennings, 1985: 19-22). The most critical effect of 
karst lies in the enlargement of underground voids, causing increased permeability of 
the rock. This leads to the progressive replacement of surface drainage by underground 
drainage. In the tropics there has been enormous removal of limestone to create most of 
the distinctive tropical karst style landforms. A bio-climatic explanation for this has 
long been firmly held, considering higher temperature, higher rainfall, higher intensity 
of rainfall, rapid plant growth and decay, and intensive microbial activity with high soil 
PCO2 (Lehmann, 1936: 34-35; Birot, 1954: 180-188). However, more recent work on 
7. Over large areas a slight declivity to the south is perceptible, but only on the northern edge of the 
plateau do the strata slope down more steeply -sometimes as much as 45° towards the Wonosari and 
Baturemo basins, in conformity with a fairly recent warping (Lehmann, 1936). 
8. The amount of limestone which can be dissolved depends on the acidity of the water, i.e. the 
concentration of hydrogen ions absorbed by water molecules (H3O+). Hydrogen ions are released by 
carbonic acid (H2CO3), which is derived from dissolved carbon dioxide (CO2). The chief sources of the 
latter are plant root aspiration and bacterial decay of organic matter. The point at which saturation 
equilibrium of dissolved carbon dioxide in water is reached is positively related to the partial tension of 
carbon dioxide in the air (PCO2) and inversely to water temperature (Jennings, 1985: 20-21). 
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karst suggests that there is probably not such a great difference between tropical and 
mid-latitude karst as has been assumed in the past9 (Jennings, 1985: 213-214). 
The nearly pure limestone rocks, containing over 97 per cent pure calcite in the 
Gunung Sewu (Dames, 1955: 96) are highly solublelO giving rise to the development of 
distinct karst features. The geomorphological pattern of the Gunung Sewu is 
characterized by numerous hemispheroidal and sinusoidal hills interspersed with narrow 
depressions (Figures 4.4, 4.5 and 4.6). 
9. Counter-arguments which have been put forward by several authors include: higher evaporation rales 
in the tropics, greater age for tropical karsts, the occurrence of tropical karst forms in arctic areas and 
more pronounced differential solution in tropical karsts. 
10. With limestone, 60 per cent has to be CaCOs for karst to begin to form, and full development requires 
90 per cent purity (Corbel, 1957: 469). 
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Figure 4.4 Fragment of the Gunung Sewu as shown on the topographical map (Kanigoro village, 
with Mendak hamlet, scale 1:25,000) 
Source: Topographical map of central Java, sheet 48/XLIII-A Jawatan Topografi TNI, Jakarta, 1980. 
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Figure 4.5 Fragment of enlarged aerial photograph, showing Mendak hamlet and surroundings, 
1969, scale appr . 1:10,000 
Source: Photograph taken by PENNAS for the FAO Solo River Watershed Project (see Appendix 5) 
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Figure 4.6 Schematized relief in the Gunung Sewu 
Source: Adapted from Lehmann, 1936, and Uhlig, 1980. 
The diameter and altitude of the hills relate to each other as approximately 8 to 3. 
Lehmann (1936: 19-21) designated this type of karst conekarst^'^. The hills rise about 
30-120 m above their mutual basis and occur in densities of 15 to 30 per km2 (Jennings, 
1985: 203-204). The invariably convex profile of the sides of the hills means that 
successive stages of the slopes become progressively steeper as they descend. The 
depressions are closed, i.e. without external drainage, and have sides lobed convexly 
inwards, making them star-shaped. For this reason, this type of karst has also been 
named cockpit karst (Danes, 1910: 253). The depressions are generally connected like 
links of a chain. It is easy to get from one to another over low saddlesl2; one can cross 
the whole of the Gunung Sewu in this manner. Drainage in the area occurs largely 
through lateral concentration consisting of limited overland flow, more throughflow and 
subcutaneous flow, on to the apertures of vertical shafts (called luweng) located in the 
depressions. The shafts are connected to caves through which subterranean streams flow 
to the coast where they emerge at or somewhat below sea level (Figure 4.7). Elsewhere 
beneath the depression, trickle and seepage may also occur, which in conjunction with 
11. Conekarst (Kegelkarst) is something of a misnomer, bccause the cone is not the most characteristic 
form of the type area (Flathe & Pfeiffer, 1965). Other terms used to describe this type of karst are , 
Halbkugelkarst, half-ball Karst, Haycook karst (Philippines), sinoid karst (Flathe & Pfeiffer, 1965) or just 
Gunung Sewu-type Karst (Uhlig, 1980: 31). 
12. However the bottom of one depression is not at the same height as that of the next. 
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shaft flow co-act to form large cave passages (cf. Jennings, 1985: 38). Streams which 
flow southward from the Wonosari depression disappear into the ground at the northern 
rim of the Gunung Sewu and continue underground until they re-emerge on the coast. 
Groundwater levels in the Gunung Sewu, except near the coast, are generally found at 
depths greater than 50 m, and frequently greater than twice this depth (Groundwater 
Development Project, 1979, vol 3: 23). 
Figure 4.7 Subterranean drainage systems in the Gunung Sewu 
Source: Groundwater Development Project, 1984, vol. 8. 
Immature karst systems are found in the west of the Gunung Sewu. Their extent 
approximately corresponds to Panggang Subdistrict (Groundwater Development 
Project, 1984, vol 2: 81). These systems are generally characterized by larger patches of 
valley bottom land and lower hills. 
While Danes (1910) has attempted to explain the Karst forms in the Gunung Sewu 
in terms of the Dinaric karst c y c l e l 3 , Lehmann's theory broke away from notions of a 
single, universal karst evolution cycle. He argued that a prior level surface was gently 
13. Danes conceived the depressions to be dolines that had merged together in the way uvalas are in the 
Dinaric region in Yugoslavia, where karst phenomena were first intensively studied. Lehmann, however, 
pointed out that the depressions lacked the definitely round, bowl-shaped or funnel-shaped forms of 
dolines and that these formations of combined depressions are much too regular for it to be possible that 
they could have evolved from haphazardly scattered dolines. 
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domed tectonically, which rejuvenated surface drainage. This produced ridges and 
valleys aligned down the flanks of the domes. Then with the development of vertical 
infiltration and underground drainage - which takes some time even on pure limestone-, 
the valleys were broken up into chains of star-shaped closed depressions of surface 
solutional origin (Lehmann, 1936: 25-38). The process has clearly been subject to a 
number of interruptions judged by the presence of natural terraces around the edges of 
the depressions, and by the presence of ledges on the sides of the hills not associated 
with stratification joints. These seem to indicate remnants of older levels, but sometimes 
mere changes in slope angle are the only evidence of interruptions (Lehmann, 1936). 
Weathering at the rock surface on the hillslopes has created jagged outcrops of 
limestone which often have distinct forms of minor surface solution sculpture, called 
karren in the German literature {lapies in French). Their present visibility in the 
landscape over large areas, with heights of up to 2 m indicates the impact of human 
activities on the land (Figure 4.8). 
Figure 4.8 Limestone rock outcrops on gentle slope, Kepek 
Note:The rocks are used lo sun-dry peeled cassava roots during the main cassava harvest at the beginning 
of the dry season 
Photo: J.W. Nibbering, June 1989 
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When the area was still forested the surface of the hills was probably largely 
covered with soil and Utter. In the Gunung Sewu, information obtained from the oldest 
farmers in the area confirms this; the farmers stated that in their youth certain hillslopes 
did not have as many rock outcrops as they do now. Evidence for this is also furnished 
by one of the very rare hills in the study area which is still covered with rainforest. The 
site is about two hectares in extent. Although its vegetation is not totally undisturbed, it 
has never been cleared or cultivated in any way as the popularion regards it as sacred 14. 
On this hill, which does not appear to be different in size or shape from adjacent and 
cultivated hills, virtually no rocks could be observed projecting above the soil surface. 
In many parts of the world soil erosion resulting from forest clearance and the 
destruction of many kinds of vegetation by grazing livestock has led to the exposure of 
subsurface rock forms. In New Guinea fresh subsurface forms, starkly blanched, were 
observed to emerge from soil and litter each year (Jennings, 1985: 71-72). 
The karren found on many of the limestone outcrops also bear witness to their 
subsurface development under a forest canopy. They lack the regular features, such as 
solution flutes, runnels or grikeslS, which often develop on bare karst. Neither do they 
have the more rounded forms which develop under a layer of liverworts, mosses, 
epilithic lichens, forest litter or soil (cf. Jennings, 1965, 154; 1985: 71). The sharply 
edged, irregularly shaped and perforated rocks in the Gunung Sewu (Figure 4.9) must 
have largely been the result of root activity of former forest vegetation. 
14. This site, called NglinggSinanik by the local population, locaicd 3 km south of Legundi hamlet in 
Panggang Subdistrict, is regarded as the burial place of a warrior from the kingdom of Majapahit. The 
cutting of trees at this site is believed to cause disaster to the violator and his family. The place is visited 
twice a year by the population from the surrounding hamlets to perform rituals connected with rice 
cultivation. Although it is now interpreted differently by the population, the word lingga contained in the 
name of the site, suggests that the hill may have played a role in a (^iva-cult in pre-Islamic times. 
15. Rillenkarren, Rinnenkarren and Kluftkarren respectively. 
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Figure 4.9 Limestone rock outcrop with numerous holes and perforations, Gunung Sewu 
Note: the white spots on the rock indicate that it had been broken off at various places not long before, 
probably to obtain material for the construction of terraces 
Photo: R.G. Ward, January 1969 
This type of Karren has been described by Jakucs in Central America as the result of 
arboraceous and other plants etching tonuous single and branching channels in the hard 
rock with their root-generated acid. Most of these channels are of circular section; they 
occasionally reach down 25 m into the rock; they may locally criss-cross the limestone 
so densely as to turn it into something of a large scale skeletal cavernous sponge. 
(Jakucs, 1977: 137-138). The penetrative power of roots in the tropics has also been 
mentioned by others. Wall and Wilford (1966) describe root grooves in crystalline 
limestone in Sarawak, while in the highlands of New Guinea roots have even been seen 
penetrating massive Chimbu limestone unrelated to planes of weakness (Jennings, 
1985: 82). Junghuhn (1850: vol. I, 230, 275) noted the penetration of the roots. 
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particularly of Ficus trees (i.a. Ficus gibbosa BI), into limestone rocks in the Gunung 
Sewu and elsewhere. 
After exposure of the rock, karst processes do not halt but take different forms. 
When newly exposed, the colour of the limestone outcrops is still a glaring white, but 
after a year or so the colour of its surface will have turned into a bluish-grey which 
continues to darken in subsequent years (see also Figure 4.9). This is caused by lichens 
and algae colonising the surface layers of the rock. The carbon dioxide produced by 
these organisms continues to dissolve the limestone. However, so far it has not 
produced the lacework-type surfaces described for algae-attacked limestone rock in 
other areas in the humid tropics (cf. Folk et al. 1973). Some of the smaller solution 
forms presently discernible in the rock outcrops in the Gunung Sewu may have formed 
after exposure. However, it seems likely that most of the larger solution forms were 
produced under subsurface conditions. 
Erosion estimates 
Assuming that originally the voids between the rock outcrops were filled with soil or 
litter, their height above the surrounding soil may provide a clue to how much soil has 
disappeared since the removal of the natural forest in the areal6. To that end, transects 
were laid out along three hillslopes which were cultivated at the time. The micro-relief 
along these transects made up by cultivated soil, rock outcrops and piled-up rock 
fragments serving as terrace walls, were measured and mapped (Figure 4.10). To 
estimate soil loss a series of imaginary straight lines was drawn from the top of one rock 
outcrop to the next or to the second next if the latter happened to be higher. These lines 
were assumed to represent the former ground surface. The area between the lines and 
the present soil surface was measured and divided by the total slope length, which gives 
the average soil loss in cm (Table 4.2). 
16. A comparable approach was taken by Giilieson in estimating soil erosion in the Chimbu highlands in 
Papua-New Guinea (Giilieson, 1988). 
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Ngepung 
Gemulung 
Gandu 
'OCk outcrop 
•k 
P'ev.ous so.I level 
P'esent SOPI scale 1 : 250 
Figure 4.10 Transects of three hillslopes indicating assumed soil loss 
Source: Field measurements 
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Table 4.2 Minimum soil erosion estimates at three hillslopes 
Site Aggregate Slope Exposed Maximum Soil 
slope length rock outcrop erosion 
(%) (m) (%) heightfl (cm) 
Ngepung I 36.5 35.4 35 34-170 19.1 
II 33.4 28.7 51 16-100 14.9 
Gemulung I 17.6 28.3 48 30- 78 20.5 
II 34.6 29.4 50 48-105 32.6 
Gandu 26.7 34.9 40 100-140 39.6 
Note: I: upper slope; 11: lower slope 
" The first figure gives maximum height on the upslope side of the outcrop and the second on its 
downslope side. 
Source: field measurements. 
The calculations do not take into account the loss of soil that may have rested on 
top of the outcrops, nor allow for the possibility that outcrops may have become lower 
due to collapse or removal of rock by farmers to obtain material for building their 
terraces. It seems likely that these reservations apply principally to lower and less steep 
slopes, so that soil loss on these slopes has probably been greater than shown in Table 
4.2. The figures show that not necessarily the steepest or longest slopes suffered most 
from erosion, probably because there was less soil to start with, and perhaps also 
because they have been less intensively used. In this connection it is interesting to note 
that at the time of the survey the more severely eroded hillslopes of both Gemulung and 
Gandu had been permanendy cultivated, i.e. each year, at least for a number of decades, 
while the hillslopes of Ngepung had been intermittently cultivated, with periods of 
cultivation being alternated with periods of fallow. 
Occasionally, (re)accumulation of soil could sometimes be inferred from the 
position of the imaginary lines and/or the man-made terrace walls. Locally high rates of 
re-accumulation were found, but on the scale of an entire hillslope, they were 
negligible. 
Ponds 
Ponds and small lakes (teldgd) of 0.25 - 2.0 ha have formed in some valleys and are 
sealed by accumulated impervious clay which prevents leakage into the underlying 
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karst. This drainage may be naturally or artificially blocked with traditional sinkhole 
closures made from rock, palm fibre {ijuk) and clay. In other cases the valley is blocked 
with a small earth fill dam as an alternative to blocking the sinkhole directly. Possibly, 
some of these ponds formed as a result of clearing activities on the hillslopes around 
them, causing accumulation of colluvial material in the valley bottoms. Apart from 
rainwater collected directly from the roofs of the houses, domestic water supplies are 
almost entirely obtained from these p o n d s 17. They fill up during the rainy season and 
then diminish considerably in volume due to evaporation, seepage and use by the local 
population during the subsequent dry season. There is a fairly uniform distribution of 
teldgd throughout the Gunung Sewu. The distribution of perennial teldgd, however, is 
less even, with a much higher density in the west, i.e. the present study area. This 
possibly indicates that the underlying rock in the west is less fractured, which is 
probably related to the immature nature of the karst in this area. Out of the estimated 
288 ponds only 38 on average last through the dry season (Groundwater Development 
Project, 1984, vol 2: 14, 87, 95-96). 
4.4 Soils 
Soils of the Gunung Sewu are typically lithomorphic soils formed on limestone. They 
have been described by Dames (1955: 94-98). Although there is a considerable 
variation in soil colour, in most cases the soils consist of a dark brownish-red topsoil 
which at a depth of 10 cm rapidly merges into a brownish-red subsoil resting directly on 
the hard limestone (Dames, 1955: 96). Locally, on parent material, a transitional layer 
of rock fragments and soil is present. Iron concretions occur throughout the soil profile. 
These soils have been classified by the Agricultural Service as Chromic Mediterranean 
soils (Groundwater Development Project, 1984, IV: 60). According to the US Soil 
Taxonomy (USDA, 1975) they would probably be classified as Rhodustalfs. They 
resemble the terra rossa of the Mediterranean region. 
The soils are strongly subject to leaching and oxidation. They are high in c l a y l S 
and iron oxides, the latter lending the soil its red colour. The soils are slightly plastic 
17. In 1984 It was estimated that the teldgd provided about 90 per cent of the area's water supply needs 
(Groundwater Development Project, 1984, vol. 8: 87). 
18. It was found that in some red brown soils metahaloysite or haloysite dominated, contrary to the black 
soils in the Wonosari depression which were dominated by montmorrillonite (Dames, 1955: 94). 
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and stickyl9, well permeable with moderately water-retaining properties. On drying the 
soil tends to crack moderately into medium-sized blocks that are at first rather hard but 
crumble after prolonged drying. Limestone fragments usually occur throughout the 
generally shallow soils on the hillslopes. The soils are very shallow, particularly on the 
steep slopes to several metres but reach depths of several metres at the bottom of the 
valleys. Particle size analysis indicates that the soils contain 2-22 per cent sand, 12-28 
per cent silt and 50-85 per cent clay. According to Dames, the sand consists of small 
iron and humus-iron compounds, and traces of minerals from young Merapi tephra, and, 
locally, quartz may also be present. The soils show a strong fixation of phosphate and 
are low in potassium. Although they have locally been strongly depleted of primary 
nutrients, they usually contain moderate amounts of calcium. The cation exchange 
capacity (CEC) varies from 7 to 25 me/100 g. The reaction is usually acid (pH: 5.6-6.5) 
(Dames, 1955: 96-97). Dames considers the physical properties of limestone soils, in 
this part of Java in general, as reasonably good. The deeper soils are considered well 
suited for a number of crops, but they require manuring preferably with organic manure. 
The agricultural potential of limestone soils is determined mainly by the topography and 
the drainage conditions, independent of the various limestone soil types (Dames, 1955: 
94-95). Although limited in area, the valley bottom soils probably provide some of the 
most fertile soils in Gunungkidul District (Groundwater Development Project, 1984: 
vol. 8: 82). 
The soils in this region are thought to have developed partly from the impurities in 
the limestone. Variation in the clay content in the parent limestone rock has to a great 
extent caused the variation in limestone soil types in Gunungkidul District. The 
brownish-red soils in the Gunung Sewu developed from rocks with 97-99.5 per cent of 
CaCOs and a minute clay content, whereas brownish to black soils, found north of the 
Gunung Sewu in the Wonosari Depression, developed in areas of platy limestones 
containing 90-96 per cent of CaC03 (Dames, 1955: 84)20. However, atmospheric dust, 
especially volcanic ash or tephra showers from nearby volcanoes must also have greatly 
19. According to Mohr this can be attributed to larger contents of montmorrillonite as the first stage of 
weathering already started under marine conditions, that is, in an alkaline environment, which is 
conducive to the formation of this clay mineral. This does not occur in brown and red soils originating 
from volcanic or non-marine sedimentary material (Mohr, 1938: 719). 
20. Perhaps this difference between soils in the Gunung Sewu and in the Wonosari Depression should 
perhaps not be attributed to differences in clay content per se, but the effect this apparently has on the 
entire geomorphological process resulting in subdued karstic developments, associated gentle slopes and 
reduced drainage. Young (1976: 190) pointed out that at a rainfall of 1000 mm or more vertisols 
developed on gentle slopes in tropical limestone areas, while latosols developed on moderate, freely 
drained slopes. 
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contributed to the formation of soils in the area (Mohr, 1938: 715). It is not clear how 
much of the soil material is derived from tephra, but given the very slow rate of soil 
formation on nearly pure limestone, it may be quite substantial2l. 
Table 4 J Average values of various soil parameters for topsoils (10 cm) at various sites in the 
study area 
Site 
Number of 
samples^ 
Intermittently 
cultivated iiillsides 
Permanently 
cultivated land 
Forest Fallowed Cultivated^ Hillside Valley 
Colour^ vdb vdb/db drb drb drb/dr/yr 
pH 7.0 7.2 0.2 7.3 0.3 7.3 0.2 6.6 0.4 
P(ug/ml) 10 3.7 05 4.0 0.7 6.3 1.0 4.2 1.6 
K+ (me/lOOg) 1.02 0.29 0.03 0.30 0.05 0.14 0.05 0.33 0.10 
Ca2+ (me/lOOg) 34.6 37.6 8.9 29.0 6.9 20.0 1.6 14.6 2.6 
Mg2+ (me/lOOg) 3.20 2.32 0.43 1.77 0.61 1.09 0.19 1.28 0.21 
Na+ (me/lOOg) 0.23 0.23 0.06 0.12 0.02 0.10 0.02 0.07 0.02 
CEC (me/lOOg) 39 40 8.5 32 5.9 22 1.0 20 2.0 
BSd (%) 100 100 1 96 5 98 3 83 11 
OMe (%) 9.3 5.6 0.6 3.6 0.1 3.1 0.0 2.2 05 
N (kg/ha) 531 272 75 120 25 59 25 39 16 
P r e t / ( % ) 48 63 5 61 2 55 8 56 4 
Note: Standard deviations are given in italics 
^ cultivated for less than five years 
^ the results are based on the analysis of composite samples each consisting of five field samples 
per site. 
^ vdb = very dark brown, db = dark brown, drb = dark reddish brown, dr = dusky red, yr = 
yellowish red (Munsell colours) 
^ base saturation 
^ organic matter 
/ phosphate retention 
Source: Field survey (See appendix 2 for basic data and methods of analysis) 
A number of soil samples taken in the study area reveal the great variation in 
chemical soil properties with intensity of land use and topography (Table 4.3). Although 
the sample size is small, some patterns can be distinguished: all hillside soils are weakly 
21. Yuan estimated that assuming the insoluble contents in limestone was 2.5 per cent, to form 1 m of 
soil, about 25 m of limestone should be denuded. Under a warm humid climate this could only be 
achieved in a period of 250-750 thousand years (Yuan, 1988: 4). An active volcano as the Merapi would 
have had at least 10,000 eruptions within the same period. If only 1 mm of ash were deposited at each 
eruption alone, this would amount to 10 m of ash. These calculations, of course, do not allow for 
accumulation due to downslope movement. 
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alkaline, while those in the valleys are weakly acid. There is a strong tendency for the 
concentration of exchangeable cations to decrease from forest and land under fallow, to 
permanently cultivated hillsides. In the valley bottoms, however, the levels for 
potassium and magnesium are again higher, but not so for calcium. There is also a clear, 
decrease in organic matter content from soils under forest, through soils under fallow, 
soils under cultivation to valley bottom soils. The same pattems applies for CEC. The 
CEC in soils on valley bottoms, however, is at about the same level as in soils on 
permanently cultivated hillsides. In the valleys, the higher clay concentrations 
apparendy make a larger contribution to CEC than on the hillslopes. Observations in the 
field indeed indicate that the soils in the valley bottom are more clayey than those on 
the hillslopes. Available phosphorus is highest and phosphate retention is lowest under 
forest, but on agricultural land there is no clear pattern. 
When the above findings are compared with soil property values for Gunung Sewu 
soils as given by Dames, it appears that his description refers largely to conditions in the 
valleys. The above survey data enable us to examine in what way land use has affected 
soil conditions in the area. In doing so, we inevitably have to anticipate to some extent 
our discussion of land use and land management in the following chapters. 
Clearly, the topsoil found at the forest site is by far the richest in the area. 
Everywhere else this topsoil, which must have covered most of the area at some stage, 
has been replaced by much poorer topsoils. However, where land is fallowed it seems 
that a process of enrichment may take place, leading to high organic matter content, 
high available nitrogen, and high concentrations of extractable cations released from 
plant litter. Due to their close contact with limestone outcrops and the presence of 
limestone particles, hillslope soils tend to be slightly alkaline and calcium predominates 
among the exchangeable cations, not just on fallowed hillslopes, but on all hillslopes. 
Hillslope soils may have become more prone to alkalinity over time, as they became 
increasingly exposed to the limestone outcrops due to erosion. The slightly lower pH in 
forest soil compared to the other hillslope soils supports this idea. 
When hillside land is put into cultivation, organic matter content declines as a 
result of decomposition, involving processes of oxidation and mineralisation; the 
availability of extractable cations decreases due to uptake by crops, leaching and 
erosion. This decrease in organic matter content causes the CEC to fall as well. 
Permanently cultivated hillsides have much lower inputs of organic material (tree 
leaves) than intermittently cultivated hillslopes. Consequently, the availability of 
exchangeable cations also drops. 
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Valley bottoms have the lowest organic matter content, as they receive little input 
from crop residues or vegetation. Terracing prevents larger organic material from 
washing down, though some of the finer material may accumulate in valley bottoms. 
However, it is apparently not enough to bridge the difference in organic material 
between valley bottoms and hillslopes. Some of the organic material is probably lost as 
a consequence of oxidation and leaching also. Valley bottom soils do have higher 
potassium and magnesium levels than permanently cultivated hillsides, which most 
likely results from the accumulation of upslope material. Calcium levels, however, are 
lower in the valley bottoms, probably because in the limestone environment on the 
hillslopes there is an abundant supply of calcium to replace any that is lost. 
Undoubtedly, the higher clay contents of valley bottom soils is a result of downslope 
movement too. Here, low organic matter content, the absence of limestone rock or 
stones, in combination with constant leaching of the bases as well as crop uptake has led 
to a slightly lower pH. 
Toposequences similar to those just described have been reported in other 
limestone areas in the tropics. In a limestone region in the Malaysian Peninsula, a 
decrease in base saturation and a proportionally much larger decrease in exchangeable 
Ca values down hillslopes was noted and attributed to the differential effects of leaching 
(Joseph, 1968: 20). A decrease of pH with elevation was observed on a cultivated, 
unterraced hillslope in Central America, and was seen in connection with a decrease of 
CaC03 down the slope (Furley, 1987: 527). At the same site, it was also noted that, 
under cultivation, there had been a downward movement of carbon and nitrogen but 
carbon and nitrogen values tended to fall towards the lowest point of the transect. 
Exchangeable potassium and magnesium showed a loss on the summit and upper slope 
and an increase on the lower slope. The clay fraction at the bottom of the slope had 
increased considerably and, with organic matter content being relatively low, it largely 
accounted for a high CEC. However, the changes in the physical properties of the soil 
represented by the downward movement of clay and the decrease in soil depth on the 
upper slope and the increase in soil depth on the lower slope were deemed most 
dramatic of all (Furley, 1987: 528). 
Apart from the differences described above, soil properties may also vary 
substantially among similar sites under a similar type of land use. According to local 
farmers, soil fertility is strongly associated with soil c o l o u r 2 2 . Variation is most notable 
22. Appendix 3 gives an overview of some of the concepts and types used by local farmers for describing 
and rating various soil and land types. 
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in the valley bottoms, the yellowish red soils being less fertile than the brown or dark 
reddish brown soils. Perhaps these differences can also be linked to differences in clay 
mineralogy, such as higher proportions of halloysite in the former and montmorillonite 
in the latter. Differences in the effects of removal of organic matter and clay from the 
surrounding slopes and its deposition downslope may also account for darker colours of 
some valley bottom soils. 
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Figure 4.11 Relationship between organic matter, and valley width to soil colour 
Source: soil survey and in-depth fami survey 
It can be hypothesized that the effects of accumulation of hillslope soil material has 
been greatest in very deep depressions as well as narrow valleys. The six samples in the 
survey taken in valley bottoms appear to be consistent with this hypothesis (Figure 
4.11); so are the land classification m a p s 2 3 available for the area, which show the best 
23. Land classification was based on the evaluation of land by its cultivators. The village area to be 
classified was divided in units and subunits. First the fields in the subunits were compared, resulting in a 
temporary subunit-specific classification. Then subunits within each unit were compared to hnk up the 
classes of each subunil with those of all the other subunits. The same procedure was followed for the 
units and so on. Once land classes were established, harvest samples were taken annually for each land 
class. On this basis the land tax was calculated. Evidently, in this way the classification took 
automatically into consideration all land qualities, which may affect yields, not only soil conditions, but 
also drainage, the occurrence of pests, aspect, water supply (on sawah) etc., and in commercialized areas 
also location (Gouvemement Soerakarta, 1931; Booth, 1974: 57). 
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land to be in what appear to be the deepest depressions or the narrowest valleys (Figure 
4.12). However, this is not to say that chemical properties are necessarily of critical 
importance in determining soil productivity. Possibly, soils in depressions and narrow 
valleys owe their superiority much more to greater soil depth, moisture holding capacity 
and slight acidity. 
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I : rainfed sawah 
II : valley bottom 
III : valley bottom 
IV : valley bottom 
V : hillsides 
AR not classified (wri t ten-off forest) 
t rack 
coastline 
Figure 4.12 Fragment of land classification map, 1937, Desa Kanigoro 
Note:The best quality dry-cultivated land is found in class II, the lowest quality in class V. 
Source: Landrentekaarten, 1937 
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Rendzinas, or Rendolls according to the US Soil Taxonomy, were not mentioned 
by Danes or other observers for the Gunung Sewu. Rendzinas can be expected on steep 
slopes (cf. Young, 1976: 19). In the present study, only the soil on the forested hill 
comes close to a Rendoll soil. On cultivated hills, they may have disappeared as a result 
of erosion. The amount of erosion recorded in the area (Table 4.2) suggests that this is a 
distinct possibility. 
Soil moisture, run-off and erosion 
Where the limestone rock is porous immediate absorption of water takes place. On 
compact karst lacking intergranular porosity, water flows over the surface until it 
encounters planes of weakness (Jennings, 1985: 35). On the hillslopes, the combination 
of shallow soils and porous limestone results in moisture stress fairly soon after rainfall 
ceases (Bappeda, 1979: 7). On shallow soils plant roots cannot go deep and do not have 
the moisture reserves which crops on deeper soils can tap at greater depth during dry 
periods (Russell, 1971: 4 6 5 - 4 6 7 ) 2 4 . The range from which crops can take up nutrients 
on shallow soils is also more limited (Russell, 1971: 545). In the valley bottoms, 
however, soils are much deeper and have a good ability to hold water during the dry 
season (Groundwater Development Project, 1984, vol. 8: 82). Available moisture 
capacities vary from 15-20 volume percent, and more than half of this would be readily 
available for crops grown (Groundwater Development Project, 1984, vol. 4: 59). 
Under the natural forest vegetation stemflow and root channels facilitate 
infiltration. Deforestation and intensive cultivation reduce infiltration, giving rise to 
more overland flow. Under cultivation, the erodibility of hillside soils has probably 
increased largely because of a breakdown of aggregate stability, especially as the soil 
dries out. In this situation, high intensity rainfall common at lower altitudes in Java is 
conducive to soil loss by the combined action of rain splash and slope wash. In the 
Gunung Sewu the apparent increase in alkalinity on the hillslopes suggests that subsoil 
24. During dry periods field crops grown on deep soils tend to dry the superficial layer of the soil to a 
certain suction level only, but before this point has been reached their roots will have grown into a deeper 
layer of moist soil. It is only when the roots can go no deeper that they begin to raise the suction. 
Evidently, crops whose root growth is hampered reach this stage earlier and they will use up the available 
soil moisture more rapidly. 
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karst processes may have been reduced after deforestation. This in turn may have 
contributed to a decrease of infiltration and an increase in run-off. 
The ensuing removal of soil aggregates of clay from upslope and sedimentation 
downslope has resulted in deep clay soil on lower slopes and valley bottoms and a 
lower permeability in these soils and their tendency to block joints below has increased 
rates of run-off, and thereby erosion on the lower slopes. The moisture capacity of the 
soil in the lower reaches of the hillslopes and the valley bottoms has probably increased 
as a result of the downslope movement of clay particles (cf. Furley, 1987: 525). 
4.5 Vegetation 
Mixed evergreen rainforest must have been the original natural vegetation in the 
Gunung Sewu. It seems very likely that teak forests or other deciduous forests, if any, 
were at best limited to small localities with an extremely dry climate and poor soils 
(Dames, 1955: 21). Under natural conditions the dry season in the Gunung Sewu would 
in most years be too short to prevent the development of rainforest. Moreover, in the 
past the soils on the hillslopes were presumably thicker, and many plants and trees were 
capable of penetrating the limestone to tap the water underground. Data from an area in 
Central America with comparable karst landforms and climate indicate that the natural 
vegetation appeared to resemble the evergreen seasonal climax forest in the region, 
although some differences with true rainforest were apparent, such as a plant cover rich 
in calcicole species (Furley & Newey, 1979: 3). In the same area also a clear 
differentiation was observed between valley bottoms with a dense forest of tall trees, the 
hillslopes which had a much smaller and xerophytic vegetation, and the hilltops which 
had again taller trees and a larger floristic variety than the hillslopes. Nowadays 
virtually no remnants of the original forest can be found in Gunung Sewu, except in the 
form of solitary trees {Ficm spp) and a handful of small groves on sacred hilltops which 
have been left intact by the p o p u l a t i o n 2 5 . Most of the mature species noted on one such 
hilltop were typical rainforest s p e c i e s 2 6 with buttressed stems (plank roots) or aerial 
roots and a great abundance of lianas and other epiphytes. 
25. See noic 14. 
26. These included: wuni {Aniidesma bunius), bendd {Artocarpus elastica), gintungan {Bischofia 
javanica), landakan {Bridelia minutiflora), popohan (Buchania arborescens), waringin {Ficus 
benjamina), ilat-ilat {Ficus callosa), wunut (Ficus glabella), gondang (Ficus variegata), bibisan (Maba 
buxifolia) and many more which I have not been able to identify. 
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However, when Junghuhn visited the area in 1836 he observed dense luxuriantly 
growing groves of Ficus and other evergreen species only on steeper cliffs and some 
hilltops (Junghuhn, 1850: 330). Everywhere else, in the depressions, on the hillslopes 
and most hilltops, he found open Albizzia forests27 with alang-alang and glagah as 
ground cover among the trees (Figure 4.13). 
Figure 4.13 Landscape in the Gunung Sewu, between Semanoe and Bedojo; drawing by F.W. 
Junghuhn 
Source: Junghuhn, 1850. 
This vegetation, with features typical of a tropical savanna, must have developed 
under man-made fire regimes, indicating that the area was already subjected to human 
impact well before the land was actually taken into cultivation. 'Natural' teak forests28, 
27. Notably sengon jdwd (Albizzia stipulata, syn, A. chinensis) and weru {Albizzia procera). 
Occasionally, large species of these two u-ees can still be found in the valley bottoms today. 
28. The origin of teak has long been a matter of dispute. Cordes (1881: 136) asserted that the tree was 
indigenous to Java. Altona (1922), however, argued that the tree was introduced from the Indian 
subcontinent in the Hindu-Javanese era. According to Boomgaard (1988: 61), there has recently been 
more evidence which seems to support the second theory. If this is correct human impact on the 
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which could still be found in the northwestern parts of the Gunung Sewu early this 
century, were probably maintained more or less deliberately in much the same fashion 
by regular burning of the undergrowth to eliminate the other types of trees. This was 
common practice throughout Java (Beekman, 1947: 37-40). 
Regular forest, bush or grass fires, leaving the area temporarily bereft of its 
protective vegetation cover, may already have induced alterations in soil properties and 
caused soil erosion, when the fires were followed by torrential rains. 
4.6 Differentiation in the study area 
Although the three study hamlets were selected within one major geomorphological 
zone, their bio-physical environments are not entirely similar. Kepek and Legundi are 
both located at a slightly higher altitude (320 and 300 m above sea level respectively) 
than Mendak (170 m), which has a noticeable effect on temperamres, particularly at 
night. Legundi appears to receive more rainfall than the other hamlets because of its 
more westerly-exposed position. 
Table 4.4 Landscape forms and slope distribution in the three study hamlets (%) 
Hamlet Valley HiUside Total 
bottom 
<25% 26-50% >50% (ha) 
Kepek 47 17 21 16 9.24 
Legundi 26 24 22 28 13.77 
Mendak 29 13 21 37 14.54 
Source: farmland survey among 30 households, comprising 121 farm lots. 
There are also differences in relief between the hamlets (Table 4.4). Kepek has 
proportionally more valley bottom land, than the two other hamlets. The hills in Kepek 
also tend to be lower and less steep, while the highest and steepest hills are found in 
Mendak. Hills in Legundi are not as steep as in Mendak. There are indications that karst 
phenomena in Legundi are not as well-developed as in the other areas: there are springs 
vegetation in the Gunung Kidul must have been significant already at a very early stage through some 
form of tree planting. 
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in the vicinity of the hamlet; some wells have been d u g 2 9 , and a three hectare 
depression on the edge of the hamlet is in use as rainfed sawah, a form of land use 
which is absent in the other two h a m l e t s 3 0 . More waterlogging was observed than in the 
other two hamlets. The limestone rock in Legundi was often found to be yellowish and 
soft; elsewhere limestone was hard and white. Organic matter content, exchangeable 
magnesium and potassium as well as CEC in the two sampled valley bottoms in 
Legundi were found to be somewhat higher than in the four sampled valley bottoms in 
Kepek and Mendak (see appendix 2), but these higher values can equally be attributed 
to local landscape features, also because soil samples from hillslopes do not show 
consistent differences between the hamlets3l. 
4.7 Conclusion 
Ecologically, the environment in the Gunung Sewu is undoubtedly ecologically very 
marginal. The geology of the area renders it extremely susceptible to dry periods. It is 
also clear that its environment has undergone a great transformation caused by human 
activities. There has been considerable erosion which must have aggravated the 
constraints on production and increased its susceptibility to stress. However, this 
transformation has not affected the landscape uniformly. While it appears to have been 
disadvantageous for the hillsides, it seems to have been favourable for valley bottoms. 
Different soil conditions under different forms or stages of land use also suggest a 
certain potential for the soil to recuperate. How this transformation has come about, to 
what types of land use and land management it has given rise in the course of time, and 
what the effects have been on agricultural productivity will be discussed in the 
following chapters. 
29. These can, however, only be used during the wet season. 
30. Patches of rainfed sawah can be observed more frequently, the further one goes west from Legundi. 
The westernmost villages in Panggang district which are the last villages in the Gunung Sewu before 
going down to the Bantul lowlands all have rainfed sawah. 
31. Both valleys were narrow (20 and 25 m respectively). See also section 4.4 on the hypothesized 
relation between soil conditions in valley bottoms and shape and size of valley bottoms. 
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Chapter 5 
A history of land use and land management in the Gunung Sewu until 1970 
5.1 Introduction 
This chapter presents a reconstruction, based on the literature, other secondary data and 
the accounts of older respondents in the area, of the historical development of land use 
and land management in the Gunung Sewu. Its aim is to establish what has actually 
happened and to inquire into possible causes of events and developments. Emphasis 
will be on developments until about 1970, because of the more general and qualitative 
nature of the underlying information. The next three chapters will deal with post-1970 
trends and present conditions, for which significantly more information is available. 
5.2 Early settlement 
Only two settlements in the Gunungkidul area are shown on Raffles' map of Java, both 
situated in the eastern part of the Gunung Sewul (Raffles, 1817). They presumably 
derived their importance from the edible birds' nest traded (see also section 3.2 and 
3.4); there may well have been other settlements at the time which were not considered 
important enough to map3. The map of central Java included in de Stuers' account 
(1847) of the war of 1825-30, which still represents the Gunung Sewu as a narrow ridge 
along the coast, shows a total number of 14 settlements in the Gunung Sewu (Figure 
3.4). A more accurate map composed by Versteeg in 1857 of the entire Yogyakarta 
Residency (scale 1:235,000) gives a total number of 178 settlements in the Gunung 
1.Japitu and Rankop: present day desa Jepitu in Tepus Subdistrict, and desa Rongkop in Rongkop 
Subdistrict. 
2. Particularly Rongkop is mcniioncd in this connection by a number of writers. Here, in a cave (Guwd 
Rongkob) at the botlom of a cliff, hundreds of swifUcts {manuk walet, Aerodramus fuciphagus) built their 
nests. Various descriptions exist of how local villagers would descend along rattan ladders hanging down 
the steep cliff leading to the cave entrance. The men would then swim inside to collect the nests 
(Junghuhn, 1850: 272-274; Ko Mo An, 1897; Veth, 1903: 501; Encyclopaedic van Nederlandsch-Indie, 
1921, Part IV: 604-605; MacKinnon, 1988: 189). 
3. In the Central Java principalities only a small portion of the land was actually surveyed for the 
composition of this map. 
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Sewu, spread more or less evenly over the entire area^. Most of these settlements were 
probably made up of just a handful of houses. Junghuhn (1850) gives a general 
description of a hamlet (gehucht) in the Gunung Sewu and a glimpse of its pastoral life: 
"...after having continued one's journey for half a day, one finds in such 
a valley a small hamlet, a few huts, where some coconut trees rise up, 
where in the shade of a roof a few cows have lied down, -all doors are 
open, yet no single inhabitant is visible, they are asleep,- then one 
beholds a scene of quiet seclusion, of tranquillity and peace, more 
beautiful than anywhere else in the world." (Junghuhn, 1850: 343; 
translation jwn) 
Veth, referring to the situation towards the end of the 19th century, also mentioned that 
most of the villages {desa) were fragmented into small hamlets. 
If Versteeg's map is accurate, the even distribution of settlements shown implies 
that rapid population growth since the war of 1825-1830 entailed a filling up of 
relatively empty or less intensively cultivated interstices in the pattern of settlement, 
rather than a frontier moving in a certain direction. This is confirmed by Danes who 
states that 'the settlement pattern in the area was very rapidly becoming more dense, 
with old hamlets expanding and new settlements forming on newly cleared areas with 
great speed' (Danes, 1909: 256; translation jwn). However, the number of dwellings 
was found to decrease towards the coast (Veth, 1903: 500; van Valkenburg & White, 
1923: 132). This pattern of lower population densities near the coast has persisted until 
today 5. 
Compared to the other parts of the Gunungkidul, the occupation of the Gunung 
Sewu may have lagged behind in rapidity and numbers of people involved, but it seems 
to have been going on for longer. People from the north continued to move to the area 
well into the 1950s. Also in the three hamlets studied, notably in the southernmost 
hamlet Mendak, a number of older people declared that they were originally from 
northern parts of the district, e.g. the area around Wonosari. They had come on their 
own or with their parents, looking for work or land. This indicates that land was still 
4. On this map, settlement density in the Gunung Sewu appears to be even higher than in neighbouring 
Bantul disunct. Perhaps in the lowlands only the main settlements are shown, whereas in the Gunung 
Sewu most of them are included. 
5. Population densities along the coastal belt are very low despite the fact that some of the most fertile 
land and the best water supplies lie in this zone (Groundwater Development Project, 1984, vol. 8: 82). 
Some local people explained this by pointing out that it brings misfortune to live close to the sea. The 
Indian Ocean {segdrd kidul) is believed to be the realm of a goddess, Nyai Rdrd Kidul, who is associated 
with death. 
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relatively abundant in the Gunung Sewu at that time6. Average population growth over 
the period 1930-1961 in the five Gunung Sewu subdistricts was still over 2 per cent, 
whereas in the other parts of Gunungkidul it was below 1.5 per cent (Figure 5.1). 
Figure 5.1 Average annual population growth per subdistrict, Gunungkidul District, 1930-1961 
Source: VolksteUing, 1930; Sensus penduduk, 1961 
In the three hamlets studied informants could not say with any confidence when 
their respective hamlet had been founded. Their answer was invariably that 'it had 
akeady existed for a pretty long time'. It is also not clear where their ancestors came 
from, although popular belief has it that they were refugees or colonists from 
Majapahit7. On de Stuers' map, a hamlet called Legoendo is shown, its location 
corresponding fairly well with present-day Legundi hamlet. Keppek and Kanigoro (for 
Mendak) appear on Versteeg's map, and all three hamlets are shown on the Yogyakarta 
6. In the land reclassification survey held in 1938 for land tax assessment purposes, the average 
landholding in the Gunung Sewu was found to be twice as large as that in the rest of Gunungkidul District 
(Instituut voor Volksvoeding, 1941: 5). The average landholding size in the sample hamlets Ploso, 
Cuwelo and Ngenep (subdistricts Semanu and Ponjong) representing the Gunung Sewu in the 
Gunungkidul nutrition survey in 1939 was 2.59 ha (Instituut voor Volksvoeding, 1941: 13). However, it 
should be borne in mind that the proportion of cultivable area in the Gunung Sewu is smaller than for 
instance in the Wonosari basin. Unlike the other parts of the Gunungkidul, there are also virtually no 
rainfed or irrigated sawah. 
7. Each hamlet has its sacred site located within the settlement, where the hamlet spirit houses. It is 
invariably recognizable by a monumental Ficus tree. In Mendak and Legundi graves were also present at 
these sites believed to belong to one of the cikal bakal or the ancestor(s) who had founded the hamlet. 
Except for their names, no more details could be provided. 
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Residency map composed by Wilsen (1892). The three hamlets must therefore be at 
least 140 years old. 
5.3 Expansion and intensification of agriculture 
As has been pointed out in the previous chapter, human impact on the landscape in the 
Gunung Sewu probably started well before the expansion of large scale permanent 
cultivation. Periodic forest fires responsible for the type of vegetation described by 
Junghuhn are likely to have resulted from centuries of huntings or grazing practices, 
slash and bum cultivation9 or accidentslO. 
Since Junghuhn made no mention of hillslope cultivation, agricultural activities 
may have been confined to the valley bottoms at least until the second half of the 19th 
century. Junghuhn observed treeless stretches of alang-alang on the hills in the 
immediate surroundings of the villages, but ascribed them solely to regular burning by 
the population to safeguard their dwelling places from tigers and snakes (Junghuhn, 
1850: I, 342-5). Veth, in describing the situation towards the end of the 19th century, 
wrote that most of the valleys were still covered with alang-alang, but also that the 
forest on the hill crests had largely disappeared, as the land had been taken into 
cultivation, and subsequently invaded by alang-alang (Veth, 1903: HI, 498). The 
residency map from the end of the last century (Wilsen, 1892) shows that many valley 
bottoms were already designated as dry fields. 
In 1909 Danes observed that nearly all valley bottoms had been taken into 
cultivation, and that cultivation was more and more spreading out onto hillslopes, 
reducing the area under alang-alang. Only near the coast were considerable stretches of 
alang-alang still to be found (DaneX 1910: 256). This was also noted by van 
Valkenburg and White (1923: 132; Figure 5.2). The latter further observed that 
8. In Java's wilderness the vegetation was often deliberately burned to drive up the game for royal 
hunting parties (cf. Pigeaud, 1960, IV: 146-7). 
9. In his discussion of farm systems in South-East Asia, Terra (1958: 170-173) the farm system 
throughout the Gunung Kidul has originally been one of swidden cultivation in combination with 
extensive cattle raising. 
10. An interesting parallel is found in the cemara {Casuarina junghuhniana) forests in highland areas in 
East Java. These forests have developed over the centuries due to regular forest fires during the more 
pronounced dry season prevailing in this part of the island. According to van Steenis (1973: 42-43) this 
fire regime has been largely anthropogenic in nature, most probably due to hunting. 
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hUlslopes were cultivated most intensively in the vicinity of the padukuhan (hanilets, 
van Valkenburg & White, 1923: 138). 
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Figure 5.2 Change in land use in the Gunung Sewu 
Source: see text 
In the 1930s valley bottoms were generally permanently cultivated. They were 
regarded as the most important agricultural land. Hillslopes were cultivated, sometimes 
almost to the crests, for about two years, followed by a two to three years fallow period. 
The fields were cleared of fallow vegetation by buming (te Riele, 1934: 95; Instituut 
voor Volksvoeding, 1941: 6). These observations correspond fairly well with the 
accounts of the older generation interviewed in the three research hamlets. The oldest 
respondents in all three hamlets still remember the time that valley bottom land was 
fallowed. In Kepek and Legundi all elderly respondents claimed that hillslope 
cultivation was already commonly practised by their parents. In Mendak, however, the 
least densely populated hamlet, some old farmers stated that their parents still used to 
cultivate the valley bottoms only, but other households in the same hamlet with little or 
no access to cattle were known to practise only hillside cultivation as a result of the 
differences in tillage requirements posed by valley bottom and hillslope cultivation (see 
below). Considering the above developments in the study area, it seems most likely that 
the continuing expansion of dry-cultivated land that has been recorded for Gunungkidul 
District (see section 3.3) during the first half of this century must have taken place 
largely in the Gunung Sewu. 
Besides rice, the main food crops grown were maize and cassava. Tobacco was 
commonly cultivated in the western part of the Gunung Sewu (Danes, 1910: 256). Until 
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the 1920s rice was still the dominant staple food in the Gunung Sewu. People still 
remember that in the days of the bekel most households were able to eat rice in 
sufficient quantities throughout the year. Cassava cultivation was still confined largely 
to the spacious home gardens and was consumed more as a snack (klemikan) than as a 
staple. However, cassava gradually assumed more significance to cater for an increasing 
population. Nevertheless, in the 1930s the people of the Gunung Sewu still produced an 
important surplus of gaplik (dried cassava) which they traded for consumption goods 
brought in by people from the northH. 
Multiple cropping systems characterized by intercropping and relay cropping 
(Figure 6.5) were already in practice early this century according to local informants. 
On the valley bottoms rice was grown mixed with cassava and maize, and also pigeon 
pea (Cajanus cajan), sesame (Sesamum indicum). Job's tears {Coix lacryma jobi) and 
millet (Setarium italicum) (cf. te Riele, 1934: 94-95; Instituut voor Volksvoeding, 1941: 
6). Groundnut {Arachis hypogaea) was often grown after the rice harvest. 
Alongside the multiple cropping systems, small poorly drained valley bottoms 
turned into shallow stagnant pools {gung-gungan) during the rainy season and were 
often used for rainfed sawah (tadahan) and planted with rice. Possibly, some of these 
pools were artificially maintained. 
Crop rotations on the hillsides after fallow included rice for one or two years, 
and/or maize, groundnuts or soybeans but invariably mixed with cassava. The Gunung 
Kidul nutrition survey (Instituut voor Volksvoeding 1941: 6). also describes a crop 
rotation on hillslopes that included tobacco in the first year without cassava. In the dry 
season so-called setrin^'2- crops, tobacco, chillies and vegetables, were grown in very 
small patches. These crops required to be watered manually with water from nearby 
ponds or caves (te Riele, 1934: 95). 
Originally, no manure was used. Farmers selected the dark soils found in some 
valley bottoms and avoided the red soils as they proved to be less fertile. When, due to 
population pressure, red soils had to be taken into cultivation and fallow periods 
11. Towards the end of the dry season the people from the sawah area around Ponjong in the eastern pari 
of Gunungkidul District carried vegetables, such as chillies (Capsicum spp.) and eggplant (Solanum 
melongena) to the Gunung Sewu to barter it for gaplek. Also pottery and other household articles served 
as trading commodities (Instituut voor Volksvoeding, 1941: 5). 
12. The term is derived from the word setri or eslri (woman, female). The crops were probably looked 
after mostly by women. 
113 
declined, manuring became necessary. Red valley bottom soils were therefore the first 
soils to be manured. This practice probably became more widespread after the turn of 
the century, although a number of older respondents, notably in Mendak, declared that 
their parents did not use manure on valley bottoms because the soils of valley bottoms 
were still fallowed. Presumably, the droppings of the animals grazing on fallowed land 
during the day may have contributed indirectly to restoring soil fertility. 
Increased terracing on the hillslopes also stimulated farmers to adopt more 
intensive manuring on the valley bottoms, for, according to several respondents, 
terracing stopped the flow of rich soil material {lemi) washed down by the rains onto the 
valley bottoms. Van Valkenburg and White (1923: 139) noted that while manure was 
commonly applied in the valley bottoms, significantly more use of manure could still be 
made. Hillslopes were never manured. 
5.4 Clearance, tillage and terracing 
After hillslopes in the area had been deforested and had entered various cycles of 
cultivation and fallow, they became largely covered with grasses and shrubs such as 
alang-alang and angleng^'^ {Lantana camara), the latter being an exotic species which 
must have spread into the area by the end of the last c e n t u r y 14 (cf Instituut voor 
Volksvoeding, 1941: 6), but was first observed in the Gunung Sewu in 1929 by te Riele 
(1934: 95). 
Some degree of differentiation occurred in the landscape with respect to weeds or 
fallow vegetation. This was most clearly described by informants in Mendak. Fallowed 
valley bottoms became dominated by alang-alang, while on hillsides vegetation 
consisted of Lantana, alang-alang, other grasses and trees. However, the Lantana 
tended to be much more common on steeper hillslopes, whereas the alang-alang was 
found more often on less steeply sloping terrain. The vegetation differences may well 
have been caused by differences in grazing, burning and tillage practices at these 
various sites. 
13. Various names for this shrub are in use in the area, such as telikan (in Kepek and Mendak) and 
gdnddriyd (in Legundi). 
14. The plant had spread all across the island by 1890, some thirty years after its introduction through 
Singapore as a hedge shrub (Heine, 1950: 1309-1310). 
114 
Elderly respondents described how clearance of fallowed land during the first three 
decades of this century was carried out. It usually took place prior to the rainy season 
(the operation was then called gejag). Large patches of land were cleared at a time, by 
entire families or groups of (related) families using long handled sickles (labung). 
Clearance involved cutting (babat) and burning the vegetation (lagar). Shrubby 
vegetation, once cut, was piled up in heaps and burnt. Alang-alang was not slashed, but 
burned. 
Tillage took place in various forms, depending on vegetation, slope, and soil depth. 
Valley bottoms had to be ploughed, as animal labour was required to break the roots of 
alang-alang and other grasses on the fallowed fields. Valley bottoms were worked with 
cattle using light ploughs (brujul) at the beginning of the rainy season. Some farmers, 
including those cultivating temporarily flooded portions of valley bottom land, used 
water buffaloes and heavy ploughs (wluku). They ploughed and puddled their land later 
in the rainy season, when the soil had become saturated with water. In this manner the 
alang-alang could be eradicated more effectively. 
The hillslopes were also ploughed wherever slope and soil depth permitted. Steeper 
slopes were tilled manually with a hoe (pacul). These slopes did not require intensive 
tillage, as they were largely under shrubs and trees and were less infested by alang-
alang. Some farmers claimed that sites under shrub did not require any tillage 
whatsoever. Crops were sown directly after burning. With time, as the need for 
terracing arose, the practice of ploughing less steep slopes was gradually replaced by 
spading. The differences in vegetation between valley bottoms and hillslopes and the 
concomitant differences in tillage requirements explain why some households with no 
or insufficient access to cattle were more dependent on hillside cultivation than those 
who possessed cattle to plough the alang-alang-covered valley bottoms. 
Terracing, not mentioned by observers before 1920, seems to have developed from 
the beginning of this century onwards. Some old farmers still recollect that in the days 
of their childhood some cultivated hillslopes were not yet terraced. When asked why 
hillslopes had not been terraced in the past, farmers today explain that there was no 
need for it, since there was still much fertile land. They usually go on to say that it was 
also not possible due to labour constraints. It seems that local farmers staned terracing 
their fields on their own initiative, when intensified cropping compelled them to prevent 
the soil from being washed away. There is no evidence that village administrations or 
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the newly established agricultural extension servicelS played any role in this 
development. Sheer necessity compelled farmers to adopt this practice. 
Initially, terraces were made from tree trunks, preferably teak 16, which were put 
along the contour lines and held in place by wooden pegs struck into the ground. Later 
on, as trees became scarcer, fanners turned to the more laborious piling up of stones. 
Van Valkenburg and White (1923) were the first to describe terraces in the Gunung 
Sewu. At that time terraces still appeared to be confined to valley bottoms: 
"If the fields here (i.e in the valleys) have some inclination, such as 
occurs along the edges of the valleys and on the saddles, several low 
ridges of piled up limestone are laid out perpendicularly to the slope 
direction in order to prevent the soil from being washed away; in the end 
the whole resembles a terraced landscape of which the terrace walls are 
covered with rocks" (van Valkenburg & White, 1923: 138; translation 
jwn). 
Also on the more level parts of the vales stone walls of half to one meter high were 
erected. These were not only to prevent erosion, but also served as protection against 
flooding, siltation and to keep out wandering cattle. The authors mentioned hillslope 
cultivation, which apparently was still practised without any form of terracing (van 
Valkenburg & White, 1923: 138). 
In the 1930s terracing had already become fairly widespread (te Riele, 1934: 95; 
Dames, 1955: 131). Te Riele also noted that the cultivable area on hillsides was very 
small, being confined to small patches of sometimes less than one m2, and that 'by 
terracing the tani (peasant) tries to preserve meticulously that little bit of soil he has' (te 
Riele, 1934: 95; translation jwn). 
15. The extension service only started lo be active in the area in the 1920s. There was a Dutch 
landbouwconsuleni, (senior agricultural extension officer), who was based in Wonosari. He probably had 
the assistance of some indigenous staff. 
16. Because of the durability of the wood the Unnks lasted a long time. Occasionally, such trunks are 
today found back in the soil. The construction of rough terraces made from tree trunks has also been 
reported for other areas, such as the Simbai River area in Papua New Guinea where trunks of Casuarina 
were used (Burnett, 1963). 
116 
5.5 The role of cattle 
The areas of waste land proved suitable for an extensive form of cattle raising (cf. van 
Valkenburg & White, 1923: 138), that had probably already started in the last century 
(cf. Junghuhn, 1850: 343). Initially cattle were mainly held for trading and tillage, but 
as agriculture intensified, cattle, and also goats, became more and more necessary for 
the supply of manure. 
Farmers in the area predominantly raised cattle belonging to the small, brown, sapi 
jdwd type or Java cow. This animal did not require large amounts of fodder or water, 
and was well adapted to the harsh environment in the Gunung Sewu. The type was 
originally common to much of Java 
17. From 1906 onwards, however, the colonial government started to import Ongole-
cattle. Zebus from British India, also in the Yogyakarta region, and stimulated cross-
breeding with this bigger type of cattle to improve the Java cow (Leurink, 1946: 353-
354). Unlike other regions in Java, the Gunungkidul area was hardly affected by these 
efforts in the colonial periodic and the Gunung Sewu probably not at alll9. Also water 
buffaloes (kebo) were kept to till the heavier soils in the valley bottoms. According to 
older respondents their numbers were few; most people ploughed their fields with 
cattle. The raising of goats was also important (Instituut voor Volksvoeding, 1941: 8). 
Cattle were a supplementary source of income in an area where cropping was 
marginal and wasteland still available. It was not unusual for a single farmer to possess 
as many as 20 animals, but not all households seemed to have owned cattle. An 
important function of raising cattle was to generate cash for paying the land tax. In the 
first decades of this century the area was a large net exporter of young breeding cattle to 
neighbouring regions (cf. de Jong & van Steenbergen, 1987: 141), particularly to the 
city of Yogyakarta (Instituut voor Volksvoeding, 1941: 8). Also a form of transhumance 
17. This animal is believed to be a product from cross-breeding between the banting (Bos javanicus) and 
the Zebu (Bos indicus) introduced by Hindus from the Indian subcontinent (Leurink, 1946: 352). In East 
Java and Madura the pure breed of this cow is known as 'Bali cow' whereas the cross breeds with Zebu 
cattle and even the full-blood Zebu cattle are called 'Java cows'. In this thesis I will conform to usage in 
Gunungkidul. 
18. In 1926 there was only one Ongole bull in the entire regency. Earlier attempts at cross-breeding with 
Bali, Madura and Mysore bulls had failed (Hominge, 1926: 30). 
19. At the livestock fair held in Wonosari in 1925 all animals of predominantly Bengal (ongole) origin 
displayed at the cattle contest belonged to farmers from subdistricts outside the Gunung Sewu (Wonosari, 
Playen, Patuk), whereas most of the Java cattle belonged to farmers from Gunung Sewu subdistricts 
(Tepus, Mulo, Paliyan; Heshusius, 1926: 45). 
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had developed whereby cattle from the northern parts of the regency were sent to the 
Gunung Sewu to graze during the dry season. Fodder crops were not grown. 
During the day cattle were taken to the hills to graze. In the evening they were 
driven back to their stables near the houses. In the hills they browsed on various natural 
g r a s s e s 2 0 including alang-alang. These grasses were all highly praised as fodder of 
good quality. Stretches of alang-alang were burned every dry season to stimulate the 
growth of young grass (cf. Danes, 1909: 2 5 6 ) 2 1 . Lantana leaves were also palatable to 
the animals. Cattle were also grazed more or less legally in the state forests. 
Table 5.1 Livestock trends in Gunungkidul District, 1892-1957 
Year Cattle Water Horses Population Buffaloes/cattle 
buffaloes per capita 
1892 40,108 34,658 2337 119,624 0.63 
1902 39,649 28,145 1714 181,476 0.37 
1905 38,665 18,079 2023 212,433 0.27 
1938 70,000 na na 350,000 0.20 
1957 69,494 5732 1883 513,777 0.15 
Note: na = not available 
Source: Koloniaal Verslag, 1892, 1902,1905; Instituut voor Volksvoeding, 1941; BPS Yogyakarta, 1958. 
During the first half of this century, the number of cattle and water buffaloes in 
Gunungkidul District remained more or less constant, whereas the human population 
grew rapidly (Table 5.1). Clearly, food crop production increasingly competed with 
grazing land and prevented a further increase in livestock numbers. At the same time, 
the number of water buffaloes decreased in favour of catde, a general trend in Java22 . 
Although these district-wide trends probably did not affect the Gunung Sewu to the 
same extent as other parts of the d i s t r ic t23 , the above figures imply an overall increase 
in production pressure on land. 
20. Species commonly mentioned are krikit (fanicum reptans) and krepak {Andropogon parviflorus). 
21. Alang-alang was also used as thatching material for the dwellings of the people and the stables for the 
cattle. Nowadays alang-alang thatches have been largely replaced by tiles. 
22. In Java upland soils were commonly ploughed with water buffaloes until they were replaced by cattle 
which were better adapted to upland conditions (Leurink, 1946: 356). 
23. An alternative hypothesis might be that the decline in water buffaloes predominantly affected the 
densely populated areas in the Wonosari plain and along the Oyo valley, while the increase in cattle 
occurred in the Gunung Sewu, where grazing land was still sufficiently available. 
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5.6 Trees 
During the early 1900s many trees used for timber and firewood were still to be found 
on farmland despite large scale deforestation during the preceding decades (cf. van 
Valkenburg & White, 1923: 132, 139). Tree growth was pushed back to more remote 
and steeper sites. There was still some regeneration of non-teak species such as singon 
(Albizzia chinensis), kukun (Actinophora fragrans), walangan {Eryngium foetidum), 
pule {Alstonia scholaris), bintaos (Wrightia javanica), kemldkd (Phyllantus emblica). It 
seems that there were relatively more trees in the southern zone of the Gunung Sewu. In 
the desa near the coast, especially in the eastern part, natural, non-teak forests still 
occurred in the late 1930s over a width of 3 to 4 km (Instituut voor Volksvoeding, 1941: 
5)24. 
Charcoal making was an important cash-earning activity for the population. People 
could still use the wood of natural trees on their own land and they were also allowed to 
take natural, non-teak trees, such as kukun, pldsd {Butea monosperma), and manding 
(Acacia villosa) from the forest as the forest service considered these 'jungle woods' to 
be of no value. Particularly kesambi (Schleichera oleosa) was highly favoured in the 
charcoal trade. However, tree planting for charcoal making, or for family firewood or 
fodder supply hardly occurred. 
The situation with respect to building material was somewhat different, particularly 
after forest management had been taken over by the colonial forest service. Teak trees 
scattered over the fields and yards of the population, believed to be remains of the 
previously much more extensive forests, were the responsibility of the forest service in 
as far as it could not unquestionably be proven that the trees had not been planted by the 
villagers (Dingemans, 1926: 84). Thus, the growing of teak was, perhaps not officially 
but in practice, entirely monopolised by the service. The population was thus 
discouraged from growing teak because in the end the wood might be claimed by the 
forest service. The forest police also feared that allowing the population to grow teak 
would jeopardise their own control over the forests, enabling the population to claim 
stolen wood to be their own. Although the prohibition of teak planting by the population 
does not seem to have been official policy, zealous forest guards or even the village 
administrations did not want to take any risks (Soedarwono Hardjosoediro, pers. 
24. Administratively they were classified as agricultural land belonging to the respective desa. 
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comm.). The population of the Gunung Kidul, however, preferred teak to all other 
species for building their houses. They kept on cutting the teak in the forest illicitly, or 
stole it from the depots or transports (Dingemans, 1926: 83). 
In the delineation of the teak forests the smaller forest areas, which could not be 
amalgamated into larger units, were written off, and left out of the areas earmarked for 
production. These patches of land were henceforward designated as tanah AB'^^. They 
were all located in the Gunung Sewu (Dienst van het Boschwezen, 1933: 14). It had 
been envisaged that any agricultural land occupied by the population within the 
boundaries of the forest area would be exchanged for stretches of forest land that had 
been written off (Bellers, 1925: 371). Occupants of tanah AB near Legundi confirmed 
that this had been the case for their land. In all three hamlets, these patches of written-
off forest were occupied and cleared26 by the population in the 1930s, permitting 
agriculture to expand further in the area. 
Tree plandng on the house lots (pekarangan) has been common practice in the 
Gunung Sewu for a long period, as much as elsewhere in Java. Coconut palms were 
originally the main trees, or at least the most striking ones planted around the dwellings 
of the populadon (cf. Junghuhn, 1850: 342, 345; van Valkenburg & White, 1923: 
132)27. In the 1930's the house lots in the Gunung Sewu were found to be large. Since 
substantial areas were planted to cassava or maize they were termed tegalan-yaids, 
(tegalanerven). People also cultivated various tuber crops along the edges of the fields 
and many kinds of creepers including various beans and Dioscorea species in the 
hedges. Many perennial crops were grown in the pekarangan. In the two subdistricts 
Panggang and Paliyan, coconut, jackfruit (Artocarpus heterophyllus) and kapok (Ceiba 
pentandra) were the most common species grown, making up three quarters of all trees. 
25. AB is an abbreviation for the Dutch Afgeschreven Bos, written-off forest, a term which is still used on 
cadastral maps. The delineation of forest land was finalized around 1930 (Soedarwono Hardjosoediro, 
pers. comm.). Officially tanah AB still belongs to the state forest lands. Apparently, these patches of 
forest land had not been exchanged for private land elsewhere. The fact that the land classification map of 
Legundi does not show any Tanah AB, although some old farmers cultivate land which they exchanged, 
in the past, for land which is now part of the forest area, seems to confirm this view. 
26. It seems that trees felled on these patches of Tanah AB were to be appropriated and sold by the forest 
service. In the Ten Year Forestry Plan for the Gunungkidul Forest Resort the total produce of wood to be 
obtained from written-off forest terrain during the first period of the plan was estimated at 4500 m3 and 
20,000 steres (Dienst van het Boschwezen, 1933: 12). 
27. In his description of Bedojo village, for instance, (present-day desa Bedoyo, Ponjong 
S u b d i s t r i c t ) Junghuhn speaks of a forest of palm trees hiding the small village under its canopy 
(Junghuhn, 1850: 345). 
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Pekarangan were well looked after throughout Gunungkidul District (Instituut voor 
Volksvoeding, 1942: 6, 8, appendix I). 
5.7 The crisis 
In Chapter 3 mention was made of the severe crises that peaked in the 1960s, close to 
the time of Indonesia's political crisis and which had a profound effect on land and 
livelihood in the Gunung Sewu. This crisis must now be discussed in greater detail. It 
did not occur all at once, but evolved over a period of more than 20 years. 
Information obtained from respondents as well as the available literature indicates 
that the period from 1942 to about 1970 was a period of great and ever growing distress 
for large numbers of the population in the Gunung Sewu. As the population continued 
to grow, the area of wasteland and fallow on the hillslopes declined further, and fallow 
periods were shortened or disappeared altogether. Also very steep areas were now taken 
into cultivation. Much of the latter expansion seems to have taken place near the coast. 
Wild boars {Sus vitatus), which were still present in coastal areas in the 1950s (cf. 
Forster, 1958: 174), gradually disappeared and the large hordes of grey monkeys 
(Cercocebus cynamolgos) in the same area drastically d e c l i n e d 2 8 . Most of the 
remaining trees in the fields disappeared in this period, not only as a result of the 
expanding area under cultivation, but also for the production of charcoal in frequently 
recurrent stress periods. The hills became virtually treeless (cf. Bailey, 1961: 218; 
Figure 5.3). 
28. Tigers (Felis pardus) had probably already become extinct around 1900, although they were still 
mentioned in the Yogyakarta hunting ordinance of 1925 (Rijksblad van Djokjakarta, 1925), and deer 
(Cervulus muntjac) had probably disappeared in the 1930s. 
121 
Figure 5.3 Deforested hills in the Gunung Sewu 
Photo: R.G. Ward, January 1969. 
Table 5.2 Harvested areas of main crops, 1920 and 1954 
1920 
ha % ha 
1954 
% 
Hill rice 19000 51 37400 27 
Maize 7100 19 20500 15 
Cassava 7700 21 57000 42 
Groundnuts 1000 3 11000 8 
Soybeans 1200 3 9500 7 
Other beans 1500 4 1600 1 
Total 37500 101 137000 100 
Source: Bailey & Bailey, 1960. 
More cassava was grown, a trend which had taken place in the entire district (Table 
5.2). Whereas cassava cultivation had previously largely been restricted to the home 
gardens and hillslopes, planting densities increased conspicuously in the valleys from an 
estimated 1000 plants per ha to over 10,000. From a commodity crop and emergency 
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food gapldk became more and more a regular staple crop. The practice of planting a 
second crop of cassava towards the end of the rainy season gained ground. Ahhough 
less productive, this late season cassava provided households with a buffer crop 
preceding the harvest of the first next rainy season crop (i.e. maize). Generally, yields of 
all crops had been declining. Pre-harvest food shortages had now become the rule for a 
large part of the population and the incidence of malnutrition and nutritional oedema 
was at the same level as in the other parts of G u n u n g k i d u l 2 9 . The frequent feasts of the 
pre-war years now occurred only a few times a year (Bailey, 1961: 223). 
The cattle industry became less profitable due to staggering national inflation rates 
during the 1950s and 1960s (cf Selosoemardjan, 1962: 242-243). Dry season 
transhumance from the north stopped. Due to the growing number of cattle and the 
decreasing amount of grazing land, fodder supplies became more and more scarce. 
Stock roaming the uncultivated hillsides during the dry season increasingly damaged 
the carefully built-up rock terraces. In villages where the animal population was most 
dense, erosion was found to be more advanced (Bailey & Bailey, 1960: 11). 
Although signs of erosion had already been observed by Danes (1910: 255, 256), 
Reitsema (1930: 13) and Lehmann (1936: 21; see also Chapter 9) it was now stated by a 
number of authors (Dames, 1955; Timmer, 1961, Bailey, 1961) that soil loss due to 
accelerated erosion was serious. Dames pointed out that deforestation had caused 
severe, accelerated, erosion and unfavourable water conditions in the valleys, and that 
the loss of soil carried away with water disappearing into holes and caves, feeding 
subterranean rivers, was considerable (Dames, 1955: 131). Rock outcrops were 
increasing each season (Bailey & Bailey, 1960: 5). In some areas the erosion had made 
such headway that the material coming down from the hills no longer consisted of soil, 
but of little-weathered parent material (grit, sand, stones) making the cultivation of 
crops in the valleys more and more difficult. Even on the arable land which was still 
litde affected by erosion, yields were also low. Gradually cropping in this area 
diminished (Timmer, 1961: 393). Throughout Gunungkidul District, the people could 
not maintain or improve terraces, where they existed, due to physical weakness (M.J. 
29. In a regional survey covering all subdistricts in 1957-59 ihe incidcncc of oedema proved greatest in 
the eroded Batur Agung range and in the environs of Wonosari (Wonosari and Karangmojo Subdistricts; 
Bailey, 1961: 293). However, a break-down in the yogyakarta statistical yearbooks of 1971 for the 3046 
nutritional oedema cases in Gunungkidul per subdisuict as reported by the Disunct Public Health Service 
gives an incidence of 6.5 cases per 1000 inhabitants in four Gunung Sewu subdisuicts (for one subdistrict 
no data were available) and 4.7 cases per 1000 inhabitants in the other eight subdistricts. 
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Bailey, pers. comm.). Dames classified the Gunung Sewu, and the Gunungkidul as a 
whole, as 'severely eroded' (Dames, 1955: 130). 
During the Japanese occupation the remaining teak forests in the area suffered from 
excessive felling for purposes such as defence constructions at Baron Bay on the coast 
(cf. Bailey & Bailey, 1960: 3). The local population, however, were the greatest threat 
to the state forests throughout this per iod30 , determined to satisfy their needs for 
firewood, fodder, timber, charcoal and cash (cf. Soepardi, 1954: 83). Although 
replanting was regularly carried out and involved the population which could grow 
crops among the planted trees for two years, few tree stands ever reached profitable 
volumes (Soedarwono Hardjosoediro, 1979: 106). In 1962 the last full-grown natural 
teak trees were felled on forest land near the study hamlets. 
In 1957 a serious famine occurred as a result of drought. Particularly in the 1960s 
there was a high frequency of dry years causing severe drops in agricultural production 
(See Chapter 4). Rats31, not unknown in the area before (cf. Becht, 1939: 258-9), now 
also became a pest causing considerable disruption. Both in 1961 and 1963 rat plagues 
occurred, which played havoc not only in the Gunungkidul area but throughout Java 
(Soekama et al. 1980: 39)32. Both plagues occurred in years with protracted dry seasons 
following extremely wet years. The plague in the 1962/1963 rainy season was 
particularly bad. The subsequent dry season was extraordinarily long, which 
exacerbated the plight of the population considerably: after their rice crop had been 
totally destroyed and cassava greatly reduced by rats, planting of the next rainy season 
crop was not possible until the end of December, which meant a delay of two to three 
months. It was only when the first maize could be harvested in March 1964 that local 
food supplies again started building up. Villagers stated that they had never in their 
lifetime experienced a rat plague as disastrous as the one in 1963. Small farmers 
cultivating smaller areas, and having smaller supplies in reserve, were especially hard 
hit. Some households saw their food supplies diminish by more than half. The rice crop 
failed entirely, with stalks all being gnawed down by the rats. The rats attacked the 
cassava at an early age burrowing for the roots. Even cash crops such as chillies did not 
30. In Gunungkidul District approximately 3000 ha of forest land was damaged during the Japanese 
occupation and the Indonesian revolution (Kemenierian Penerangan, 1953: 484). 
31. The most important pest species on Java is the sawah rat or Raitus argentiver (Rob and Kloss), 
previously called Raiius rattus brevicaudalus (Sody) (Soekama et al., 1980: 38). 
32. The extent of damage in 1963 in Java and Madura covered about 1,822,000 ha, with an average 
damage intensity of 35 per cent in one million ha and 28 per cent in the remaining hectarage (Soekama et 
al., 1980: 39) 
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yield because they were affected by locusts (walang). The rats also made incursions 
onto stored food stocks, entering the houses in large numbers. They became so plentiful 
that it was common to see these otherwise shy rodents climbing the walls of the houses 
in full daylight. The people tried to get rid of them by setting traps, clubbing them or by 
magic. Digging up their holes was virtually impossible in the rocky terrain and other 
means of eradication were not available. Village competitions were held offering prizes 
to those who could get most tails. None of these measures had much effect. However, as 
the dry season went on and the rats found less and less food, their numbers eventually 
dropped. 
For their survival local people with no other means had to resort to rationing their 
food intake33, and to consumption of emergency food, such as the tubers of kimpul 
(Xanthosoma sagittifolium), pumpkins, the bark of the stems of pawpaw trees, banana 
stems, leucaeana leaves, rice husks, and cassava fibre. The last item, gaber in the local 
vernacular, lent this famine its name: bagaber^^. Other people had to rely on the 
generosity of better-off fellow villagers, some of whom took it upon themselves to 
regularly hand out tiwul (pounded and steamed gaplek) to as many as 30 families in 
their neighbourhood. The health service recommended that the population should eat 
the rats they caught, which many did. People with hunger oedema did not bother about 
religious prescriptions and resorted to eating dog's meat. Food prices sky-rocketed. 
Farmers with trees left took recourse to making and selling charcoal in order to obtain 
cash to buy food. However, many were forced to go much further: they had to sell their 
cattle, land and even their houses35 in order to buy food, as all other items had either 
been sold already or had become valueless. Many moved out to the Wonosari region 
where conditions were better, to rural areas in the adjacent lowlands, to Yogyakarta and 
other cities in order to find food or work as land labourers or petty traders. They did not 
return until they could bring back gaplik, maize or money. Swarms of listless people, 
largely elderly persons and children with swollen limbs, suffering from hunger oedema 
and beri-beri, roamed the countryside in search of whatever was edible. Also other 
33. People tried to suppress hunger by binding their empty stomachs tightly with cloths or belts. 
34. In ihe Batur Agung range, in the northern part of Gunungkidul district, people named this period 
pakaiul after the emergency food prevailing in this area, i.e kalul (rice bran) (M. Krol, pers. comm.). 
35. Houses were sold, taken apart and re-erected by their new owners. Gunungkidul houses are built of 
wood and roofed with tiles. They are constructed in such a way (i.a. without the use of nails) as to allow 
easy breaking up for purposes of repair, extension, moving or selling. A number of people specialized as 
brokers/movers of houses in those days. Most houses were sold to people in the Wonosari area or to the 
lowlands. Similar house selling practices were reported for the Wonogiri area during this same period 
(Gondowarsito, 1986: 105). 
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diseases such as typhoid exacted their toll. There was virtually no government relief. 
When food supplies finally increased again, many had become impoverished. During 
the following years a large number of households joined transmigration schemes 
(Figure 3.5). 
In the hamlet of Mendak the number of cattle seems to have decreased to such an 
extent during the bagaber period that some valley bottom land was left uncultivated, 
because it was easier to clear the lantana on the hillslopes than to clear the alang-alang 
and till the heavy soils in the valley bottoms with manual labour. This may have 
reduced agricultural production even further. 
5.8 Summary 
Until the end of the Dutch-colonial period, land use and land management in the 
Gunung Sewu were characterised by expansion and increasing intensification of crop 
cultivation. Farmers also gradually adopted measures to prevent soil loss. These 
developments took place largely in response to a growing population. It can be 
hypothesized that the introduction of both the poll tax and the land tax in the early 20th 
century became an additional factor stimulating the expansion and intensification of 
agriculture. The speed with which the process seems to have taken place does suggest 
that much new, permanently occupied land may have remained untaxed for a number of 
years until the next ten-yearly land classification survey was held36. Land use in the 
study area developed in close connection with forest policies. Written-off forest land 
became new agricultural land, but the growing of teak was monopolized by the Forest 
Service. 
Until perhaps as late as the 1950s, net immigration into the area apparently because 
land was still relatively abundant, transhumance, a cassava surplus, and nutritional 
standards that compared favourably with the rest of Gunungkidul District, all indicate 
that the Gunung Sewu still functioned as a buffer for the rest of the regency. 
Surprisingly, it was regarded as its most prosperous pan on the eve of World War Two 
(Instituut voor Volksvoeding, 1941: 6). 
Subsequent changing socio-economic conditions are demonstrated in the reversal 
of movements of people. The Gunung Sewu became in the 1960s the most prominent 
36. The second and so far also the last survey was held in 1938 (Instituut voor Volksvoeding, 1941: 7). 
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out-migration area in Gunungkidul District. The Gunung Sewu had an average 
population growth of no more than 0.5 per cent from 1961 to 1971; in the rest of 
Gunungkidul growth was around 1 per cent (Figure 5.4). The pattern had been radically 
reversed. 
Figure 5.4 Average annual population growtli per subdistrict, Gunungkidul District, 1961-1971 
Source: BPS Gunungkidul, 1981 
Conditions in the 1940-1970 period may be interpreted as a chronic case of 
overpopulation, fortuitously made acute by extreme climatic events. However, is clear 
that the very unfavourable economic and political situation of the time prevented 
Gunung Sewu farmers from making any adjustments in land use or farming practices, 
adjustments which they started to make in the subsequent years when the conditions 
permitted, as we shall see in the next chapters. 
In the literature, soil loss through erosion was regarded as the main factor 
contributing to the decline of agriculture in the Gunung Sewu. It is not clear, however, 
to what extent inability to maintain soil fertility solely due to lack of manure, or short 
fallow periods has played a role in causing a decline in yields. The preceding account 
also suggests that much of the erosion took place in the early stages of agricultural 
development, when land was still abundant. Therefore, questions as to how and to what 
degree erosion has actually affected the agricultural system and vice versa, still remain. 
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Chapter 6 
Land use and land management in the Gunung Sewu after 1970: 
Crop cultivation and animal husbandry 
6.1 Introduction 
This chapter is the first of three that deal with present conditions, and changes which 
have occurred in land use and land management in the Gunung Sewu since about 1970. 
This chapter focuses on crop cultivation and animal husbandry, while the next one 
discusses the growing of trees. The present chapter will start with a brief discussion of 
land distribution and land tenure relationships, as these factors are of immediate 
importance for a proper understanding of the various farming operations and livelihood 
strategies undertaken by the households in the area. There follow sections discussing 
the various aspects of land use, crop cultivation and animal husbandry. They describe 
present conditions and practices, while highlighting the improvements that have taken 
place during this period as a result of the changing demographic, social and economic 
conditions in the area described in Chapter 3. Comparisons between the three hamlets as 
well as between households will play a central role in the discussion so as to be able to 
assess the differential impact of recent developments and to arrive at a better 
understanding of their causes and effects. 
A considerable body of detail on the farming system, forestry and the household 
economy is presented in this chapter and in the two following chapters. The 
presentation of data, derived from general household surveys in each hamlet, from the 
in-depth survey of selected farmers and their land, and from my general observations 
while walking over the village territories, is based on a much larger quantity of 
quantitative material, as set out in Appendices 6 to 9. 
The presentation itself, though thus generalized, is itself in unusual detail because 
these chapters represent something of a 'geographical ethnography' of the farming 
systems of three Gunung Sewu hamlets in 1987-89, designed to serve as the foundation 
for generalizations over much longer time based on search of a quite extensive 
hterature, rather limited statistical data, and the ethno-historical recall of present 
villagers. This detailed presentation is therefore the core of the thesis, the central basis 
for an evaluation of the changing farming system in the Gunung Sewu. As will be seen, 
the situation continues to evolve, and since 1970 there have been many changes. One 
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season's field work can provide only a 'snapshot', as is often remarked. Therefore, 
unless that snapshot is taken with a high-resolution lens, enlarged and studied carefully 
for what it has to tell of change through time, only an imperfect impression can be 
obtained. Detailed analysis, and presentation, are necessary if this danger of 
superficiality is, so far as possible, to be avoided. 
6.2 Land distribution and land tenure 
Most of the land in the three study villages and the three selected hamlets is now 
privately owned and cultivated by households 1. Some land, however, belongs to the 
desa and is reserved as salary land (lungguh) for village officials2. A smaller portion of 
village lands is used as village treasury land (tanah kas desa), and is rented out^. The 
largest proportion of desa land is found in Kepek and accounts for ten per cent of the 
total village area. Patches of tanah AB still belong officially to the forest service, but 
three generations of farmers have already cultivated this land and regard it as their 
own4. Mendak has the largest area of tanah AB (14 per cent of the total village area)5. 
1. However, virtually no household in the Gunung Sewu is in the possession of land ownership 
certificates (sertifikat hak milik tanah). A number of households still own land holding registration 
documents issued under the old cadastral system based on colonial regulations {modelUeter D or E). 
These documents are formally no longer regarded valid and are to be converted into land ownership 
certificates. The costs involved in having plot boundaries remeasured by the cadastral service are too 
prohibitive for Gunung Sewu households. However, land ownership certificates are not required for land 
transactions at the village level. 
2. Village officials {pamong desa) do not receive salaries. They are given lungguh in ususfruct for the 
duration of their time in office. In other parts of Java, village salary land is called tanah bengkok. (see Ch. 
3). 
3. The receipts are used for village development purposes. 
4. In addition to the normal tax, they pay a small sum of money. In Kepek Tanah AB is used in some 
cases as tanah kas desa and is leased. 
5. Based on areal measurements from land status maps composed by Direktorat Agraria DIY (1983). 
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Table 6.1 Land distribution in the three study hamlets 
Hamlet Landholding size (ha) 
<0.51 0.51 
-1.00 
1.01 
-1.50 
1.51 
-2.00 
2.01 
-2.50 
>2.50 Average 
General household survey (farmers' estimates) 
Kepek 50 8 13 12 8 4 5 1.26 
Legundi 48 8 13 15 4 3 5 1.34 
Mendak 51 4 16 9 6 6 10 1.80 
Total 149 20 42 36 18 13 20 1.47 
In-depth farm survey (plot measurements) 
Kepek 
Legundi 
Mendak 
Total 
10 
10 
10 
30 1 
6 
4 
2 
12 
1 
1 
2 
1 
2 
1 
0.98 
1.37 
1.45 
1.27 
Source: General household survey and in-depth farm survey. 
Note: landholdings comprise all land cultivated by the households, including borrowed, rented land etc., 
excluding land rented out, lent to others, etc. 
There are virtually no landless households in the study hamlets. However, land 
distribution is far from even (Table 6.1). Mendak has relatively more households with 
large holdings than Kepek and Legundi. It is noteworthy that households with large 
holdings tend to have more persons. However, the figures in the general household 
survey are based on farmers' estimates and are therefore not very accurate6. 
Most privately owned land has been obtained through inheritance7. Respondents 
had purchased about five to ten per cent of their landholdings. In some cases, mostly in 
Mendak, households stated that the land they cultivated was (still) lent to them by their 
parents (silihan/sambutan; Table 6.2), but often this only meant that the transfer of 
6. When plots were measured in the in-depth farm survey, it appeared that measured areas were on 
average 38 per cent below farmers' estimates obtained in the general household survey. Village land 
registers were of little use, as they were not up-to date and had no records of u-ansactions other than 
transfers of ownership. 
7. Unlike more Islamized areas in Java (cf. Hardjono, 1984), men and women in the study area receive 
equal shares of the parental landholding. This was confirmed by the results of the general household 
survey which showed that in each hamlet the total amount of land inherited by women was roughly the 
same as the total amount inherited by men. 
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ownership had not yet been reported to the village administration. In other cases, 
however, parents could still withdraw this land, or claim some of its produce. Villagers 
also lend land, usually hillside land, to others. Lungguh holders often do so. This 
practice seems most widespread in Mendak, where fellow villagers are allowed to 
cultivate the hills without charge, whereas people coming from Kepek to Mendak have 
to pay for the privilege. In the general household survey, sharecropping, renting and 
borrowing land was underreportedS. Inhabitants from Desa Kepek, for instance, are 
known, in both villages, to be renting land in Mendak. Migration and transmigration 
have clearly provided those who have stayed behind with opportunities to expand their 
landholdings. Migrants do not immediately part with their land but leave it to the care of 
relatives (titip). The latter are usually allowed to use the land for the time being. When 
it is clear to the migrants that they will not return to their home villages, they may sell 
the land to their relatives or other people. In the in-depth farm survey two such cases 
were found. 
Table 6.2 Status of land cultivated by the sample households (per cent) 
Hamlet Kepek Legundi Mendak 
Owned 87 87 66 
Lent by parents 1 2 20 
Lent by others 0 1 3 
Share-cropped 1 10 10 
or rented 
Salary land 10 0 1 
Other 0 0 1 
Total 99 100 101 
ha 70.4 64.2 91.8 
Source: General household survey 
Information on land tenure collected from the in-depth survey (Figure 6.1), 
indicates that there is a greater tendency for households with smaller holdings to 
cultivate land other than their own. Some households also rent out sizeable portions of 
valley bottom land, leaving themselves largely with hillslopes for their own farming 
operations. Small landholdings also tend to consist of proportionally less valley bottom 
land than larger holdings. In the general household survey, however, no such pattern 
emerged. 
8. In the in-depth farm survey eight farmers appeared to cultivate plots that they had not mentioned in the 
general household survey. All these plots were not their own. 
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Figure 6.1 Size and status of landholdings in the in-depth farm survey 
Source: In-depth farm survey 
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Share-croppers of valley bottom land have to cede one half of the harvested crops 
to the land owner (maro), and one third if they cultivate hillslopes (mertelu). All v '^ork is 
performed by the share-cropper. Fertilizer costs are often paid for by the landowner and 
he may also provide manure and lend bullocks to plough the land. Renting of valley 
bottom land, however, is more common. Contracts may last up to several years, and are 
sometimes extended indefinitely. Rents are paid annually or for two to three years in 
advance. They are often paid in kind, in the form of cattle for example. 
Those offering land for others to cultivate usually have large holdings, or, are 
engaged in other, often more remunerative activities, leaving them little time to 
cultivate their land themselves. Households that urgently need cash to buy food may 
also resort to renting out their land. The supply of land offered for rent therefore tends 
to be greater in years when crops fail. More recently, farmers who are hard-pressed and 
need to pay their children's secondary school fees rent out land in order to obtain cash 
quickly. A demand for land is generated by households with insufficient land of their 
own, who wish to maintain or increase their income and family food supplies. 
Forest land also offers opportunities for renting land. When a block of land is to be 
reforested, clearing and planting is performed by farmers living nearby. They are 
allowed to intercrop their plot (tumpangsari) with food crops for a period of two to 
three years. Nowadays participants also need to pay rent. Plots cultivated by the 
participants, which was 0.5 ha during the colonial period, are now on average 0.1 ha. 
Despite these deteriorating conditions, local people are eager to participate. Half of the 
farmers from Kepek and Legundi participating in the in-depth survey had cultivated 
forest land in this fashion in the past, or did so at the time. In general, renting land often 
enables farmers to fallow their own land for some years. 
By and large households in the area cultivate their own land holdings, but renting 
and sharecropping may add significantly to the land they cultivate. Farmers do not agree 
whether these transactions have increased or decreased over the years. They are clearly 
subject to fluctuation. Hillslopes in particular are more readily share-cropped or even 
lent, mostly to households with smaller holdings. 
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6.3 Lay-out of farm holdings 
An average landholding consists of one house lot (pekarangan), located in the hamlet, 
and two to three field plots9. Most of the pekarangan or house lots are located on 
relatively flat or undulating sites (Kepek and Legundi), or in narrow valley bottoms 
(Mendak). They are usually square-shaped, terraced plots with live fences between 
them (Figure 6.2). Here are the houses, the stables (in Kepek and Mendak), and 
nowadays also cement water tankslO. Part of the pekarangan is left uncultivated and is 
used for drying and processing harvested crops. The pekarangan properll, locally 
called kebun, is used as a home garden with wood and fodder trees and shrubs growing 
on the boundaries. Fruit trees and wood trees are grown in the gardens, and condiments 
for household needs as well as for cash. In large home gardens moderate amounts of 
staple crops can be found. The average size of home gardens measured in the in-depth 
farm survey varies between 500 m2 (Mendak) and 750 m2 (Kepek). The area occupied 
by dwellings and stables varies between 150 and 250 m2 respectively. 
9. When comparing the three hamlets, there appears to be an inverse correlation between the average 
number of field plots per household and average landholding size. In the general household survey, the 
average number of field plots per households was found to be 2.45 for Kepek, 2.19 for Legundi and 2.04 
for Mendak. Apparently, the division of land holdings into smaller units under the pressure of population 
growth also entails a greater fragmentation of individual landholdings. 
10. Some households have been able to provide themselves with rainwater tanks either from their own 
resources or with financial support from the government or non-governmental organizations. The tanks 
have a ferrocement consu^uction and serve to store rainwater collected on the roof of the house (see 
further Chapter 8). 
11. Occasionally, the home lots comprise hilly terrain completely planted with wood trees or valley 
bottom land cropped with staples. Therefore, a distinction is made between homegarden (kebun) and 
house lot (pekarangan), the latter indicating the entire plot, including the area occupied by dwellings and 
stables. 
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Figure 6.2 Lay-out of a house lot with dwellings and home garden, Kepek 
Source: In-depth farm survey 
Field plots are found at various distances from the hamlets. On average it takes a 
farmer 20 to 30 minutes to reach one of his fields, but walks of up to one hour are not 
unexceptional 12. The field plots can be reached along numerous footpaths which cross 
the area (Figure 6.3). These plots typically consist of a piece of valley bottom land with 
adjoining hillsides, usually up to the crest (Figure 6.4), but there are many exceptions to 
this pattern. Borrowed plots and plots of which valley bottom land has been rented out 
may consist of hillside land only. In the valley bottoms boundaries coincide with terrace 
edges, while on the hillsides they are usually indicated with trees. Plots vary gready in 
size. The villagers generally refer to them as alas (forest, jungle), a term which is more 
a reminiscence of the original vegetation than an appropriate indication of the present 
fallow shrubs, although increased tree planting has gradually restored some of its real 
meaning. 
12. In Legundi and Kepek the average distance between house lots and field lots tend to be slightly 
greater than in Mendak. The scattered settlement pauem of Mendak as against the concentrated patterns 
of Kepek and particularly Legundi probably explains why the average Mendak household lives closer to 
its fields. 
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Figure 6.3 Location of farm plots (fragment), Kepek 
Source: Landrentekaart Kepek, 1938 and in-depth farm survey 
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Figure 6.4 Lay-out of field plot, Mendak 
Source: in-depth farm survey 
6.4 Crops and cropping patterns 
On valley bottoms, the choice of crops and the cropping system have largely remained 
unchanged (Figure 6.5). This is not surprising as the crops are highly adapted to the 
environment, making optimal use of space, light, nutrients and rainfall. The cultivation 
of rice and maize at the beginning of the rainy season ensures a relatively secure water 
supply for these crops. When rice and maize mature, the interplanted cassava plants are 
still small and do not cause too much shading. A late season groundnut or soybean crop 
makes effective use of residual soil moisture and, being legumes, they produce enough 
nitrogen to support their own growth due to their capacity for nitrogen fixation 
(National Academy of Sciences, 1979: 5). Meanwhile, the system provides the 
population with food, fodder and cash several times during the cropping season, derived 
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from a variety of crops. This helps to spread the risk of crop failure. Sesame and Job's 
tears are, however, seldom grown n o w a d a y s 13. Instead, more late season groundnut is 
grown, which is made possible by wider cassava spacings. Only a very few farmers 
have replaced rice completely for cash crops such as groundnuts despite 
encouragements by the extension service. 
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Figure 6.5 Crop rotations in the study area 
Source: in-depth farm survey 
Temporarily flooded valley bottoms and associated forms of rice cultivation have 
virtually disappeared, except for one small but very distinct rainfed sawah area near 
13. As elsewhere in Java, the market for sesame has declined. One of the reasons given for the decline in 
the cultivation of Job's tears was that it is hard to prepare. 
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Legundi. Pools are probably no longer artificially maintained, as flooding and long 
duration rice interferes with the cultivation of other crops. However, some informants 
claim that most pools have disappeared naturally. 
The significance of rice cultivation on intermittently cultivated hillslopes (gdgd) 
has declined. This partly reflects the fact that hillslopes are cultivated for longer 
periods, with rice cropping being limited to the first one or two years after clearing. 
However, a number of farmers have abandoned hillside rice cultivation altogether. 
Some of them have started to grow more groundnuts instead, notably in Kepek and 
Legundi. On permanently cultivated hillslopes, annual cultivation of rice is fairly 
common. Households with smaller holdings and less valley bottom land tend to derive a 
larger share of their rice crop from hillslope land (KIO, L9, LIO, M8, M9, MIO). By and 
large, cropping patterns of field crops are more varied on hillslopes than on valley 
bottoms. 
Tobacco no longer feauires so dominandy as a cash crop as when it was so 
described by a number of observers earlier this century, and least of all on hillslopes. 
Various factors may have contributed to this decline. Clearly, increased cassava 
cultivation on hillslopes has left less room for tobacco. Farmers also favour the 
cultivation of other cash crops on hillslopes. Small patches of hillslope land cleared 
halfway through the rainy season are cropped with garden crops, such as chillies 
(Capsicum frutescens), cowpeas (Vigna sinensis), mungbeans (Phaseolus radiata), in 
combination with late season maize and sweet potato. A large part of the produce is sold 
on local markets to assembly traders. 
While cropping patterns did not differ greatly between the hamlets, there were 
substantial differences in production levels in the 1987/88 cropping season. Production 
was greatest in Kepek. This reflects both the large proponions of land in cultivation in 
this hamlet, and also higher yields (see below). 
In rice cultivation only traditional varieties are grownl4. These are gdnjah varieties 
with a shon growth period (four to five months), adapted to the strongly seasonal and 
irregular rainfall regime in the area. Occasionally jero varieties maturing in up to seven 
months are grown. Their importance has in fact gradually diminished with the decline 
14. Varieties commonly grown are: mcnurun, gundil (Kepek); mayangan (Kepek, Mendak); putu 
(Legundi). Menurun and gundil are cereh varieties without awns. Mayangan and Putu are bulu varieties 
having long awns. All varieties belong to the so-called javanica subspecies (van der Veer, 1948: 30; 
Purseglove, 1972: 168). 
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of 'wet' rice cultivation on the valley bottoms and the increasing incorporation of 
cassava into the cropping system. High yielding varieties that are nov '^ commonly grown 
in the lowlands have been introduced in the study area, but they proved ill-adapted to 
the dry environment and were a failure. Very few farmers continue to grow theml5. On 
small patches of land various varieties of glutinous rice (ketan) are grown as well. 
In maize cultivation there has been a gradual shift, from the traditional small and 
white ginjah putih to the reddish yellow ginjah kertas, also a short-duration variety (75 
to 80 days). The latter gives higher yields and responds better to fertilizer applications. 
Occasionally, the hardier traditional white variety is still cultivated on hillslopes, while 
the kertas variety is reserved for cultivation on valley bottoms. Only a small number of 
farmers have adopted the cultivation of Arjuna, a high yielding, but also more 
demanding variety. Only traditional varieties of cassava and groundnut are grown and 
no new cultivars have as yet been introduced into the area 16. 
Apart from field crops such as maize, cassava and occasionally rice, various tubers, 
condiments, vegetables and grain legumes are grown in the home gardens and, to a 
smaller extent, on the lower slopes of the hillsides. These are used largely for family 
consumption. Surpluses are sold at the local markets. In Legundi, most households 
devote large parts of their home gardens to the cultivation of bengli (Zingiber 
cassumunar)^T, which is sold at the local market to traders from the Wonogiri area. The 
small scale cultivation, during the dry season, of setrin crops (see par. 5.2) on fields 
close to ponds is vigorously practised, comprising a large variety of crops, such as 
tobacco, shallots {Allium cepa), and now also garlic {Allium sativum). 
Most crops that are not consumed by the households are sold at the local markets 
held periodically in a number of villages in the area. Legundi has a market of its own 
and Kepek and Mendak farmers have to go to Trowono. Here, traders buy up the 
15. In 1982 farmers were compelled lo participate in the so-called OPSUS credit scheme and to grow IR 
36, a high yielding variety, launched as one of a series of rice varieties in the national rice intensification 
programme. In the study area it turned out to be a complete failure leaving farmers with large debts. 
Unlike the aaditional varieties, IR 36 has a shallow root system rendering it highly vulnerable to water 
stress. Another new, improved variety, Sentani, has a more appropriate root system, but only one farmer 
in the in-depth survey had been willing to plant part of his land to this variety. 
16. Cassava varieties grown are klentengan (in Kepek and Mendak), and genjah kirik and genjah kapur 
(in Legundi). The only groundnut variety grown in the area is locally called kacang prul or srenlul, a little 
demanding, short duration variety producing small pods and light seeds, suitable for cultivation on 
meagre or heavy clays (Koens, 1948: 245). 
17. An extract from its roots is used as an ingredient in traditional medicinal beverages (jamu). 
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agricultural produce from the fanners. The number of such traders have been rising over 
the years. While farming households in Kepek and Legundi usually bring their crops to 
the market themselves, households in Mendak often sell theirs to local traders. Mendak 
farmers therefore tend to receive lower prices for their produce. In Kepek, prices 
received for groundnuts, for instance, were approximately 15 per cent higher than in 
Mendak. The practice of traders buying up crops when still in the field and taking care 
of the harvest themselves (tebasan), as has been observed for other parts in 
Gunungkidul DistrictlS, is rare in the three study hamlets. 
6.5 Cultivation practices: valley bottoms 
In the study area valley bottoms are permanently cultivated without exception. 
Cropping practices on the valley bottoms, equally adapted to the environment as well as 
to the needs of the population, have also remained essentially the same. Even so, there 
have been a number of small, but significant changes connected with the disappearance 
of pools, the introduction of inorganic fertilizers, and the increasing role of the 
extension service in the area. 
The sloping parts of the valley bottoms, rising towards the saddles between the 
valleys are well-terraced (Figure 6.6). The slightly backward slanting (about 20° from a 
vertical plane) terrace walls are made of large, skillfully piled up stones. The heights of 
the terrace walls range from 10 cm up to 4 m, depending on the gradient of the terrain. 
The higher the walls, the thicker they are, with the highest walls being as thick as one 
metre. Terrace walls in the valley bottoms seldom collapse. 
18. In some villages in Nglipar Subdisirict in the Batur Agung Range, tebasan of groundnut was fairly 
common (M. Krol, pers. comm.). 
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Figure 6.6 Terraces in valleys 
Source: field observations 
In order to take maximum advantage of the short wet season, the land is ploughed, 
or tilled manually during September, while still dry. Nowadays only cattle are used for 
ploughing. Water buffaloes are no longer kept. This is in line with the general decrease 
in water buffaloes in Java (see Chapter 5). In the study area wet tillage has ceased to be, 
making cattle rather than water buffaloes necessary. Tillage has also become easier, as 
alang-alang has largely d i s a p p e a r e d l 9 . The land is fertilized with a compost of cattle 
and goat manure mixed with leaves of Chromolaena and other kitchen refuse. The 
compost accumulates near the stable during the year until the beginning of the next 
cropping season. A sufficient supply of manure is regarded essential for a good crop, 
particularly for rice20. 
19. Only in valley bottoms near the coast do young shoots of this grass still come up among the cassava 
plants towards the end of the rainy season. 
20. If rice receives too little manure, its growth will also not keep up with that of cassava which is less 
affected by poor fertilization. The rice crop will then progressively suffer from competition with cassava 
plants for light and nutrients. 
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The rice is broadcast and worked into the ground prior to the onset of the heavy 
rains, a practice called (ng)awu-awu^^, allowing the farmers to gain time and save 
labour22. The next two crops, maize and cassava, are planted after the wet season has 
begun. Maize is sown in holes made with a dibble stick23 and cassava cuttings are stuck 
into the ground. The crops are planted in single rows running from one side of the 
valley to the other. Average densities for maize range between 12,000 to 17,000 plants 
per hectare, for cassava from 5000 to 8000 plants per hectare. Fairly exact spacings are 
observed. Cassava spacings are said to be wider than 20 years ago, leaving more room 
for rice and groundnuts. With sufficient fertilization, cassava roots also develop better 
in this way. The extension service recommends regular maize thinning to reduce 
shading of the rice crop. However, since maize is the first harvestable food crop of the 
season, large scale maize thinning has not been widely adopted. Farmers can vary the 
planting densities of the various crops to favour one, according to their needs or the 
harvest prospects of the plant involved. When there are too many rats, for instance, they 
may spare themselves the trouble of growing groundnuts and plant cassava at a higher 
density. Small amounts of sorghum and millet are planted together with maize. 
Weeding (matun) takes place three times before the rice is harvested. This is 
carried out with the aid of a small hoe (gatul). The weeding season has always been the 
most exacting period of the year. People have to work long days to get rid of the weeds. 
If their food supplies are running short, they may not be able to eat properly. Yet they 
have less opportunity to engage in cash earning activities because their labour is 
required to tend the fields. 
Nowadays valley bottoms are also fertilized with inorganic fertilizers, urea and 
triple superphosphate, ever since these became available in the area some 15 years ago. 
The application of fertilizers is also primarily meant to benefit the rice crop. While 
some farmers fertilize the crop two or three times, as recommended, many fertilize only 
once. All farmers use urea, but only half of them use triple superphosphate. The average 
amounts of fertilizer applied seem substantial, but applications vary greatly from season 
21. The word, derived from awu ('ash'), recalls ihe days that rice was still sown into the ash of burnt 
fallow vegetation. 
22. The extension service has tried to persuade farmers, so far unsuccessfully, to adopt rice planting with 
the aid of a dibble stick (gejig) in order to use seed more effectively and to regulate planting distance. 
23. Sometimes maize is broadcast to deceive rats. Farmers claim that rat damage is greater on regularly 
spaced crops is greater than on crops sown haphazardly. 
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to season depending on the farmer's yield expectations, and also on the farmer's 
financial position. 
Maize is usually harvested in December or January, followed by rice in February or 
March. Rice is cut in the traditional way, ear by ear, with a small rice knife (ani-ani). 
The stalks are tied together in bunches, carried home and dried on the pekarangan. 
Once dry, the bunches are stored in wooden chests (gledig). In this fashion rice is said 
to have been kept for as long as two years. The rice crop is entirely used for family 
consumption. It is still hand-pounded by women. Except for the use of inorganic 
fertilizers, all the innovations which have characterized rice culdvation and processing 
in the irrigated lowlands over the past twenty years have left the study area virtually 
untouched. 
About two weeks before the rice harvest, groundnuts, and sometimes soybeans, are 
planted in order to ensure their establishment before the sharp decline of rainfall in 
April. Weeding of groundnuts is normally performed once and largely involves the 
removal of rice straw left behind on the fields (duduh). Groundnuts receive little 
fertilizer or none at all. The harvest usually takes place in May and is sold at once or 
after drying. The growing of setrin crops already starts between the rice and main 
cassava harvests. They have to be watered regularly. When the rains continue well into 
May and June, as was the case in 1989, farmers plant sweet potato on mounds between 
the cassava as a catch crop. 
Finally, the bulk of cassava is harvested in June or July, at an age of eight to ten 
months. Most households already start harvesting small quantities of cassava as early as 
April for their own needs. The roots are pulled out of the ground, peeled and sun-dried 
for about five days and the resulting gaplik is carried home. Part of it is sold 
immediately. Smaller quantities are sold later when prices are higher. For storage the 
gaplik is dried more thoroughly, broken into smaller parts and stored in a fashion 
similar to rice. 
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6.6 Cultivation practices: hillsides 
The major changes that appear to have taken place in hillslope cultivation concern 
fallowing and the construction of terraces, and to some extent also tillage and cropping 
practices. 
Fallowing 
Fallowing, nowhere employed in the valley bottoms, is still commonly practised on 
hillslopes in Mendak and Legundi (Figure 6.7); In Kepek it is no longer widespread due 
to its more subdued relief and the smaller size of landholdings. In some instances, the 
reasons why farmers had ceased fallowing could be established as the sale of valley 
bottom land in the bagaber years (K4), and the division of the parental landholding 
(K7). 
• fallowed hillslopes 
E^ cultivated hillslopes 
• valleys and home gardens 
Kepek Legund i Mendak 
Figure 6.7 Average cultivation/fallow patterns in the three hamlets 
Source: in-depth farm survey 
A clearer picture is obtained when fallow-cultivation patterns are considered at the 
household level, taking into account the extent to which households have access to 
valley bottom land (Figure 6.8). On larger holdings a greater proportion of hillside land 
is found under fallow, but the area under cultivation may still be substantial. Some 
households with medium to large holdings cultivate very small portions of their hillside 
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land (these include K3, L5, L7, L8, and to a lesser degree M6). All these households 
derive substantial parts of their income outside farming or staple crop cultivation. 
146 
Valleys Hillsides 
m 
1 
1 
1 
1 
1 1 
1 i 
1 \m 
• Cultivated: 10 years or more ^ Fallow: less than 10 years 
13 Cultivated: less than 10 years | Fallow: 10 year or more 
Figure 6.8 Cultivation/fallow pat terns on individual landlioldings in the three hamlets 
Note: Numbers refer to the same households as in Figure 6.1 
Source: in-depth farm survey 
147 
In Legundi and Mendak, permanent cultivation of hillsides is confined to less steep 
slopes, and most hillslopes are still subject to regular fallowing. However, cultivation 
periods seem to be longer than they used to be, now ranging from three to five years. 
This appears to be partly the result of the enormous labour input in terracing which 
encourages farmers to use terraces as long as possible. Simultaneously, reduced erosion 
and the use of inorganic fertilizers make longer cultivation rewarding. Fallow periods, 
however, are at least as long as cultivation periods, and on larger holdings fallow 
periods are sometimes longer, partly on steeper slopes (L5, L7, Ml , M5, M8), but also 
on less steep land with a substantial cover of planted trees (LI, L2, L7). Generally, on 
landholdings where hillslopes are fallowed, the area under fallow does not drop far 
below 50 per cent, not even on small holdings. Fallowing is therefore still an important 
device in soil fertility management in these two hamlets. If farmers rent considerable 
portions of valley bottom land, they can fallow more of their own hillslope land (K3, 
M7; cf Figure 6.1). Households renting out valley bottom land, on the other hand, have 
to take larger proportions of their hillslopes into cultivation (M8). 
The respondents in the in-depth farm survey all agreed that over a longer span of 
time, more steep land has been regularly cultivated, fallow periods had become shorter 
and especially in Kepek had disappeared altogether to a large extent due to population 
growth and the concomitant division of holdings. However, younger persons pointed 
o u t 2 4 , that, more recentiy, land under fallow had increased because more people had 
been looking for work elsewhere or had moved away. The large fallows on holdings 
cultivated by people performing much off-farm work support this. Fallows on hillslopes 
with many trees also tend to be l o n g e r 2 5 . Lastly, considering the long fallows of very 
steep hillslopes, clearance of these slopes is now perhaps less frequent than in the 
past26. 
24. Perhaps this increase made a greater impression on them than it did on the older generation who knew 
what the situation in the past was like. 
25. The question whether farmers would not fallow their land so long, if there were not so many trees, 
proved too hypothetical and too suggestive for the farmers to answer. 
26. From aerial photographs taken in 1969, it was possible to identify fallow land reasonably well on a 2 
km2 area near Mendak. This showed 58 per cent of land under fallow. This is slightly above the average 
found in the in-deplh farm survey. The areas compared, however, are not identical. A similar exercise 
with photographs taken in 1981 proved impossible due to their lower quality and the early onset of the 
planting season in that year (see Appendix 5). 
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The fallow vegetation has changed over the years. From the 1960s onwards, a 
shrub species, Chromolaena odorata (syn. Eupatorium odoratum), has spread into the 
a r e a 2 7 . It crowded out Lantana and Acacia villosa as well as alang-alang and other 
grasses. Overgrazing may have contributed to the spread of Chromolaena at the 
expense of lantana (cf., in the Philippines, Sajise, 1982: 147), while Chromolaena 
succeeded in shading out the alang-alang growing on the flatter sections of the hillsides 
when regular burning of hillsides halted (cf. Dove, 1986: 165). The shrub now covers 
virtually all unused or fallowed land, where it also manages to survive under a light 
canopy of planted trees. As soon as the land ceases to be cultivated, its wind-blown seed 
quickly germinates. The shrubs grow up in dense thickets up to three metres tall before 
other plants can establish. Farmers are pleased with the advent of Chromolaena because 
of its enormous capacity for litter production, which, according to them, 'makes the soil 
thicker and richer again' far better than does other fallow vegetation. This shrub is also 
said to be easier to clear than alang-alang. 
Terracing 
Although terracing of hillslopes was already widespread in the 1930s and 1940s, it was 
pointed out by some informants that the quality of terracing, on hillslopes and valley 
bottoms alike, had generally improved. In the past terraces were 'tesih awon' (still bad), 
consisting merely of piled up r u b b l e 2 8 ; nowadays farmers build hillslope terraces in 
much the same way as in the valley bottoms. Hillside terraces are of course much 
smaller and are never wider than 2 m. The larger rocks are placed at the base and the 
smaller ones on top to fill up voids between the larger rocks. Gravel is put on the inner 
side of the terrace rim to seal off small interstices between the rocks, and rock outcrops, 
if present, are incorporated into these terrace walls (Figure 6.9). 
27. A major part of Java's deforested and uncultivated wasteland is nowadays covered by this shrub and 
its relative Chromolaena inulifolia which spread into the highlands earlier this century (Heyne, 1950: 
1432). Chromolaena odorata has its origin in South and Central America and was introduced in Java via 
Thailand (Soerjani et al., 1987: 86). In the study area it is known under various names. District and 
subdistrict officials use the word krinyon, a Javanisation of the Sundanese name ki rinyu. {Chromoleana 
first appeared in West Java). Farmers in Legundi use the term ongkeh, while farmers in Kepek and 
Mendak have developed a liking for the term tikd which is an acronym derived from the phrase ngerti-
ngerti, wis tekd ('it is there before you know it'). 
28. Compare, for instance, a photograph shown in Dames (1955: 98). 
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cross-section 
Figure 6.9 Terrace construction on hillsides 
Source: field observations 
Much of the material now used is fresh, as loose rubble has become scarce. 
Farmers work the jagged outcrops with big hammers and chisels to cut off fresh white 
pieces of limestone. Several factors may have contributed to the general improvement 
of terraces, such as the use of firesh material instead of decayed and crumbly debris, the 
disappearance of cattle from the hillslopes, smaller clearings and more intensive use of 
hillside land. 
On permanently cultivated hillslopes, terraces are repaired each dry season. On 
intermittently cultivated hillslopes, they may have to be rebuilt over great lengths after 
fallow, using fresh material, as many of the old rocks have disintegrated. The more 
provisional terraces on steeper fallowed hillslopes tend to deteriorate quickly after a 
couple of years, despite repairs, and, towards the end of the cultivation period, the 
collapse of particularly high terraces occurs frequently. Repair and maintenance of 
terraces usually takes place during the dry season. Terracing on intermittendy cultivated 
hillslopes is self-perpetuating in a way, because each time the fields are taken back into 
cultivation, they have to be cleared of the collapsed stone walls. The general quality of 
terraces does not differ very much among farmers or hamlets. 
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Cropping practices 
Cultivation practices on permanently cultivated hillslopes differ from those in valley 
bottoms only to the extent that the upkeep of terraces requires more attention. Other 
differences merely depend on what crops are cultivated. Cultivation practices on 
intermittently cultivated hillslopes have also shown a trend towards fertilizer 
application. Clearing is now carried out with more care and there has been a shift in 
timing. 
A cultivation period starts with clearing the fallow vegetation. Farmers remember 
approximately how many seasons a particular piece of land has been fallowed, by which 
they estimate when cultivation can be resumed. The height and density of the 
Chromolaena shrub, the amount of rotting leaves on the ground, and the height of trees 
planted prior to fallow serve as indicators of fallow age and regained fertility. The 
fallow vegetation is cut down, stacked up and burned. It is not burned before being cut, 
which was often the case in the past, as this is believed to destroy the fresh topsoil; it 
would also damage the smaller trees growing on the land. The ash is often spread out 
over the land. Finally, the soil is tilled with a hoe and terraces are reconstructed. 
Clearings can be made before the rainy season, called labuhan, or halfway through the 
rainy season, called marengan^^. The latter are usually made after the rice crop on the 
valley bottoms has been weeded. 
Labuhan can be cropped simultaneously with the valley bottoms. Crops grown 
during the first year may include rice and/or groundnuts, but always include maize and 
cassava. In subsequent years the same cropping pattern is followed, except for rice 
which is usually omitted after one or two years (if grown at all). Unlike the valley 
bottoms, there is usually no second short duration crop. Labuhan clearings are taken up 
by those wishing to maintain or enlarge their regular food base. They are therefore 
relatively large, requiring much labour, and farmers must have time available to 
perform this task during the dry season. 
Marengan are planted with various garden crops such as chillies, yardlong bean, 
cowpea and late season maize, sweet potato and cassava (Figure 6.10). Notably, the 
29. The terms are derived from labuh and mareng respectively, each denoting one of the four seasons 
(mdngsd) into which Javanese farmers divide the year. These are: 1. labuh: the period in which the rains 
start and gain in intensity (October-November); 2. rendeng: the period of intensive rainfall (December-
February); 3. mareng-. the period in which rainfall decreases (March-April); 4. ketigd : the dry season 
(May-September). 
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chillies are heavily manured with dung and often mulched on special beds (gulan). This 
multiple harvest crop remains productive for two y e a r s 3 0 . Garden crops are an 
important source of cash. In the following rainy season the cropping pattern is similar to 
that of the labuhan. Marengan clearings tend to be smaller than labuhan, due to their 
horticultural nature as well as time constraints imposed by cropping activities in the 
valley bottoms. However, as long as the rains continue, farmers may go on clearing 
additional patches of marengan. 
I ( maize 
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Figure 6.10 Planting pattern in a marengan clearing 
Source: Field observations 
30. Chillies have low water requirements. They survive the dry season on the mulched and manured beds, 
but they produce fruits only during the rainy season. 
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Marengan clearings and cropping patterns are not new in the Gunung Sewu, nor 
are they a unique characteristic of Gunung Sewu farming31. However, there has been a 
general tendency to shift from labuhan to marengan, due to labour constraints, the long 
term decrease in fallow land, and the profitability of small scale horticulture on fertile 
patches of hillslope land. The small size of the clearings, however, is compensated by 
longer cultivation periods. Each year a patch of marengan adds fresh land to the 
cultivated area, while elsewhere on the hillslopes an exhausted piece of land may be 
taken out of cultivation. 
Rice, maize and groundnuts are all planted in holes made with a dibble stick. 
Weeding of hillslopes (dangir) is normally done twice. Large scale cropping of late 
season groundnut on hillslopes does not generally occur, as on the shallow soils of the 
bottoms. Only on fresh marengan can late season groundnut be found. 
Table 6.3 Fertilization practices on hillslopes 
Hamlet Manure 
only 
Manure+ 
inorganic fertilizer 
Inorganic 
fertilizer only 
None 
Kepek K1,K3,K7 K4,K8,K9 K2,K6,K10 K5 
Legundi LI L4,L8,L9,L10 L7 
Mendak - MIO M4,M6,M7,M8 
M9 
M1,M2,M3,M5 
Noterfenilization concerns staple crops only; it does not concern gardens crops, such as chillies, which 
may be intensively manured on small patches of land; numbers referring to households are the same 
as in Figure 6.1. 
Source: in-depth farms survey 
Farmers use far less fertilizer on hillslopes than in valley bottoms, but permanently 
cultivated hillslopes are usually fertilized in one way or another. Hence, most Kepek 
farmers use fertilizer on their hillslopes (Table 6.3). Generally, farmers often manure 
their staple crops on the hillslopes only if the valley bottom crops have received 
enough. Others only manure hillslopes when cropped with rice. Inorganic fertilizers are 
31. Goethals (1967: 38), describing a swidden village of West Sumbawa, notes that cash crops (beans, 
squash, many types of greens, peppers, tobacco, tomatoes, eggplant) are either sown directly or 
u-ansplanted from small nurseries onto individual swiddens (i.e. away from the collectively cultivated 
rice/maize swiddens) as late as March and then may well be harvested during the first months of the dry 
season. 
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applied, if at all, in very small quantities. In Mendak and Legundi most households with 
large holdings do not fertilize hillslope land, depending solely on fallowing to restore 
soil fertility. The introduction of inorganic fertilizers has facilitated the transition from 
fallow cultivation to permanent cultivation, and it also led to longer cultivation periods 
on land regularly fallowed. Nevertheless, a sufficient supply of manure is still 
commonly seen as a prerequisite to permanent crop cultivation. 
Much of the groundnut crop grown during the wet season is used as seed material 
for the late season crop in the valleys. Likewise, maize grown on marengan is kept as 
seed for next year's early season maize. Planting and harvesting cassava is more 
continuous than on the valley bottoms. Throughout the rainy season, cassava harvested 
for family consumption is directly replaced by fresh cuttings. Late season cassava, 
although having much lower yields, provides households with food well before the 
cassava harvest in the valleys. 
Hillslopes therefore play an important supplementary role in local agriculture with 
regard to food, cash and seed supply. They also add an element of flexibility but at the 
price of a considerable labour input. The extension service, however, largely ignores 
hillslope cultivation in its contacts with the farmers, being of the opinion that this 
marginal and partly archaic form of agriculture should disappear. While this may be 
acceptable as a long term goal, some short term improvements would seem to be 
desirable; as about 30 per cent of the gross value of total field crop production 
originates from the hillslopes. For garden crops this is even as high as 80 per cent, if 
home gardens are excluded. 
6.7 Labour organization 
In principle, all agricultural activities are performed by the household, and all its 
members, except young children and aged people, participate to a large extent. Labour 
division between the sexes is not as strong as elsewhere in Java. Men and women 
equally engage in planting, weeding and harvesting. Only clearing of fallow vegetation, 
terrace construction and tillage are largely performed by males alone. 
154 
Table 6.4 Labour requirements in field crop cultivation (all hamlets; total workerdays per ha) 
Operation Valley bottoms Hillsides 
Clearing/terracing « 398 _ 
Spading 87 53 -
Ploughing 10 - -
Manuring 5 5 -
Terrace repair 5 20 of permanent terraces 
Planting rice - 5 -
Planting maize I 5 5 -
Planting cassava I 7 10 -
Planting legumes I 9 9 -
Weeding I 132 96 or 152 if rice grown 
Harvesting maize I 20 20 -
Harvesting rice 70 59 -
Harvesting legumes I 31 16 -
Planting maize II 2 2 -
Planting legumes II 31 16 -
Weeding II 94 44 or 92 if groundnut grown 
Harvesting maize II 10 10 -
Harvesting legumes II 55 45 -
Harvesting cassava 102 45 -
Source: in-depth farm survey 
Some of the labour requirements in crop cultivation may be beyond one 
household's labour capacity (Table 6.4). Some tasks need to be carried out speedily, 
such as tillage and harvesting, while others such as weeding and clearing shrub are 
onerous and time consuming. The members of the household may also have other 
obligations or more profitable work to do. Therefore, the ability of the household to 
cultivate its land successfully partly depends on how and to what extent labour from 
external sources can be mobilized. 
Farmers may hire labourers (buruh) at a daily wage, or call upon their neighbours 
to offer them unpaid assistance (sambatan) on the understanding that some day their 
help will be reciprocated. Unlike the more commercialized lowland areas, mutual help 
is still strong in agricultural operations in the study area32 . People may be called upon 
as often as ten times every season. Gangs of workers are thus formed, and cheerfully set 
about the task they have been asked to perform. 
Sambatan never takes longer than one day so as not to interfere with the 
participants' own pursuits. This means that as many people have to be rallied as are 
32. In the lowlands it has often continued to exist in the other domains of rural life, such as house 
construction (for setting up the frame and the like). 
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required to complete the task within one day. Although this institution does not involve 
monetary payments to the participants, it is not costless. A household that has solicited 
its neighbours' assistance is expected to provide them with a good meal of rice with an 
adequate amount of lawuh^^. The household may have to supplement its supplies for 
the occasion and for the economically weaker households this may constrain the use of 
sambatan. Farmers often resort to sambatan for clearing fallow land. Generally, 
however, the work necessary to bring fallowed hillslopes in a cultivable state is 
normally too much to be completed in one day, no matter how many people participate. 
The use of sambatan is therefore restricted for clearing small pieces of land only, such 
as found in marengan clearings. 
In Kepek and Legundi more formalized forms of sambatan also occur. Here, 
saving and credit groups have existed for a number of years, involving all members of 
one neighbourhood (Rukun Tetangga)^^. The person who applies for the assistance of 
his or her neighbours is expected to deposit Rp 50 for each participant with the group 
treasurer. The money is used for common goals. This form of formalised mutual 
assistance is generally referred to as gerakan. Farmers make much use of this form of 
labour assistance. 
Wage labour is not uncommon, however. It has existed for a long time and has 
been increasing. It extends to all agricultural operations, but least to harvesting. It is 
mainly households with large holdings that regularly hire labourers. Those without 
cattle may employ others to plough their land. Farmers performing more remunerative 
activities elsewhere often use wage labour, as their earnings exceed the cost of the hired 
labour; it is more difficult for them to rely on sambatan, because they are less able to 
give any assistance in return. They may even employ wage labourers, for clearing 
hillslopes, as was noted in one case. Nevertheless, mutual assistance in agriculture, 
although still important, is said to be declining, being partly replaced by hired labour. 
This may help to explain why clearance of large areas in one single season no longer 
occurs. Large clearings are also no longer feasible, as they would require a 
proportionally large labour input into terracing, while the average household size has 
become smaller. 
33. Protein rich side dishes, such as eggs or pieces of soybean cake {tempi). 
34. Hamlets are divided in wards, each wiih its own head. Notices on the houses indicate to which ward 
each household belongs. 
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6.8 Crop yields 
As has generally been the case in upland areas in Java, crop yields have increased in the 
study area since the 1960s, largely as the result of the use of inorganic fertilizers. 
Farmers pointed out that the introduction of inorganic fertilizers fulfilled a great need, 
as fallowing alone was no longer adequate to restore soil fertility and the amounts of 
manure available were insufficient to fertilize all their land. District yield figures 
illustrate this trend (Figure 6.11). However, in Gunungkidul District most crops are 
grown by intercropping or mixed cropping. The District yield figures are adjusted 
figures and apply to monocropping situations. Therefore, it is not possible to compare 
the district data directly with yields found in the study a rea35 (Table 6.5). For yield 
comparisons between the hamlets, the 1987/1988 harvest figures have been used. For 
the 1988/89 cropping season not all harvest data were o b t a i n e d 3 6 . 
Tonnes/ha 
Year 
Figure 6.11 Average yields for major annual crops in Gunungkidul District, 1966-1987. 
(three-year moving means) 
Source: BPS Yogyakana, 1963-1988 
35. All agricultural yield estimates were based on the farmers' recall of their harvests during the year 
leading up to the interviews. Most farmers had little difficulty remembering recent yields in terms of 
highly localized, traditional units of measurement (see appendix 7). 
36.1 departed from the study area before the main cassava harvest Also data on that year's late season 
groundnut harvest were only partly obtained. 
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Table 6.5 Average yields of main crops in the study hamlets in the cropping season of 1987/88 
(tonnes per ha) 
Hamlet Valley bottoms Hillslopes 
Rice Maize Cassava Groundnut Rice Cassava 
Kepek 1.04 0.33 2.25 0.64 0.30 1.31 
Legundi 0.74 0.40 1.35 0.35 0.42 0.60 
Mendak 0.75 0.31 1.67 0.47 0.30 1.09 
Note:rice, maize and cassava: early season crops; groundnut: late season crop: rice and maize: dry grain; 
cassava: gaplek; groundnut: dry pods 
Source: In-depth farm survey 
Yields are lowest on the hillslopes. Here, the shallow soils have a very poor 
capacity for retaining enough water and nutrients are rapidly leached out. They are also 
more subject to erosion. Because of the expected yield levels, farmers refrain fi-om 
applying great amounts of their limited manure supply or costly fertilizers, or any 
amounts at all, on the hillsides (Table 6.6), but as far as possible fallow their land 
instead. As shown in Chapter 4 fallowing greatly improve the chemical and physical 
properties of the soil, which however rapidly deteriorate when cultivated over a number 
of years37. 
Table 6.6 Amounts of fertilizer applied within one cropping year (in kg per ha) 
Hamlet 
Manure 
Valley bottoms 
Urea TSP Manure 
Hillslopes 
Urea TSP 
Kepek 2213 252 91 916 59 22 
Legundi 1969 196 58 768 60 22 
Mendak 1987 170 15 577 127 0 
Note: TSP is triple superphosphate 
Source: In-depth farm survey 
Although the variation of yields and fertilizer use between individual plots is much 
larger than their variation between the hamlets (see Appendix 8), there are some striking 
37. One informant in Legundi gave the following yield estimates for cassava grown on an intermittently 
cultivated hillslope without fertilization: if the yield in year 1 (after clearance) is set at 100%, the yield 
would be 75% in year 2, 50% in year 3 ,45% in year 4, and 40% in year 5, after which he would fallow 
the land again. With the application of urea these levels would be maintained at higher levels, but they 
would still drop. 
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yield differences between the three hamlets, and these appear to be associated with the 
level of fertilizer use. Both yields and fertilizer use are highest in Kepek. However, 
there are indications that crops grown in Legundi in the 1987/88 rainy season suffered 
more severely from wet weather than in the other two h a m l e t s 3 8 . The rice and maize 
harvests of Legundi in 1989 compared more favourably with Kepek and Mendak, 
though in a generally poorer year. Possibly, hillside crops in Legundi may have been 
shaded more than in the other two hamlets, as tree densities on hillsides around this 
hamlet are higher. It is unlikely that there are great differences in soil fertility levels 
between the hamlets; soils in Legundi do not appear to be any poorer than in the other 
hamlets (see Chapter 4). In all hamlets, the use of manure is on average below 
recommended l e v e l s 3 9 . Perhaps farmers try to compensate this by using more urea, 
which appears to be above the recommended levels. However, it should be borne in 
mind that application levels between farmers vary enormously and that some farmers 
have clearly been short of fertilizer 
Farmers emphasized that although average yields had increased, fluctuations in 
yields from year to year are enormous, due to irregular rainfall, pests, diseases and the 
kind of farm management induced by these events. My incomplete 1989 data, compared 
with 1988 data, would seem to confirm this. Deficient or excessive rainfall may affect 
all crops to various degrees. Hillside crops are more likely to suffer from water stress, 
while crops in the valley bottoms are more exposed to excessively moist conditions. 
Cassava yields can be reduced considerably as a result of water stress as was the case in 
1987 when the dry season started exceptionally early. Late season cassava may even 
perish when the dry season continues unabated. On the other hand, excessive rainfall 
may hamper pollination of rice and maize; it may lead to prolonged water-logging in 
the valleys, detrimental to all crops; it may prevent the newly harvested cassava from 
drying quickly, causing the tubers to rot. 
Of all crops grown in the area, rice is unquestionably most affected by pests and 
d i s e a s e s 4 0 . Farmers commented that in the past the rice crop had not performed as 
38. In Legundi, more farmers complained of below average yields due to water-logging during this 
season. 
39. Recommended levels are 3500 kg manure, 150 kg urea and 75 kg triple superphosphate for a crop 
mixture of rice, maize and cassava. These levels are recommended for the entire district, however 
(Diperta, 1988). 
40. One of the pests which had been uncommon in the past is wereng, the brown planthopper 
(Nilaparvata lugens). It now regularly causes considerable damage to the rice crop all over Java as a 
result of the resistence to excessive and indiscriminate use of pesticides. The pest has also become a 
serious problem in upland rice growing areas where little or no use is made of pesticides. Among the 
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capriciously as it does nowadays, which some of them regard as an effect of the 
application of inorganic fertilizers. Pests and diseases beleaguering the rice crop are 
most frequently mentioned in Legundi. Farmers in the study area generally do not use 
pesticides. 
Rat damage also still occurs, although they have never again been as devastating as 
in the plague in 1963. In the wet season of 1988/89 rats were found to be the greatest 
cause for rice and maize yields falling below levels obtained in the previous year, in 
Kepek, and particularly in Mendak (Table 6.7). Some respondents decided not to grow 
late season groundnuts because of the rats. Monkeys can still be very destructive to 
mature crops near the coast and around the sacred forest grove of NglinggSmanik. 
other pests prevalent in the study area are mental and uret (the former is the adult form of Holotrichia 
helleri, a small fly, which feeds on the leaves of the rice plant; the latter is the name for its larvae, which 
affect the roots of the plant; Soekadis, 1958: 143-144). These were particularly troublesome in the 
1988/89 season. 
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Table 6.7 The extent of and causes for lower rice and maize yields in 1989 in comparison with yields 
in 1988 
Kepek Legundi Mendak 
Rice 
Number of plots 10 13 13 
Yield 1989 52 83 41 
as % yield 1988 
Stated causes of lower yields: 
Rats 3 - 7 
Uret (Holotrichia helleri) - 4 1 
Wereng (brown planthopper) - 1 1 
Other pests or diseases 1 - 2 
Insufficient fertilizer 2 2 
Other 1 1 
Not known 2 2 1 
No decrease in yields 2 3 3 
Maize 
Number of plots 12 14 18 
Yield 1989 70 115 43 
as % yield 1988 
Stated causes of lower yields: 
Rats 2 - 12 
Other pests or diseases - 1 
Insufficient fertilizer 
Other 1 - 2 
Not known 1 2 1 
No decrease in yields 8 11 3 
Source: in-depth farm survey 
Adverse conditions in one season may also impinge on the next season's crop, even 
though growing conditions are favourable in the second season. Following low yields in 
1986/7, some farmers again had below average yields in the 1987/88 season. This was 
because they had not been able to buy sufficient fertilizer or cattle (for manure) due to 
the long dry season of 1987 
161 
6.9 Livestock 
After an enormous drop during the 1960s, numbers of ruminants have gradually risen 
again in the entire district (Figure 6.12). Yet fluctuations in numbers have continued. 
There was a clear decrease in the number of goats in the dry year 1987. Present 
livestock numbers are slightly above levels prevailing at the end of the 1950s, but they 
are kept by a human population that is now much larger. 
200000 • 
150000 -
Number 
100000 -
50000 -
Goats 
Water buffaloes 
55 60 
Figure 6.12 Livestock trends in Gunungkidul District, 1957-1988 
Source: BPS Yogyakarta, 1958-1988 
The general household survey revealed that about 60 per cent of all households had 
goats and 50 per cent kept cattle (Table 6.8). Very few households had neither goats, or 
cattle. Goat raising tends to predominate among households with smaller holdings, 
while relatively more households with larger holdings raise cattle, reflecring their 
greater economic strength (Table 6.9). The distribution of cattle among the population is 
least even in Mendak, despite the lower density of human population. 
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Table 6.8 Distribution of livestock in the study hamlets 
n % Households 
tending 
ruminants 
Ruminants 
per tending 
household 
% Ruminants 
held in 
gaduhan 
Goats 
Kepek 50 66 2.3 40 
Legundi 48 77 2.8 48 
Mendak 51 37 1.7 47 
Cattle 
Kepek 50 70 1.2 20 
Legundi 48 46 1.9 46 
Mendak 51 45 2.0 36 
Source: general household survey 
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Table 6.9 Percentage of households tending livestock per landholding size 
Landholding 
size (ha) Kepek 
Goats 
Legundi Mendak Kepek 
Cattle 
Legundi Mendak 
>2.00 44 75 35 70 43 53 
1.01-2.00 63 84 33 90 68 67 
< 1.01 76 71 47 52 24 21 
Source: general household survey 
Evidently, the number of ruminants per household, particularly the number of 
cattle, is smaller than in the past, but people in the area often stated that nowadays more 
people tend ruminants than previously. The main reasons are the need for manure and 
labour requirements, particularly in raising cattle. Raising cattle now requires more 
labour, as fodder needs to be collected and carried to the stables. There are no longer 
places where cattle can roam about freely to graze (saban). There is less fallow land, 
and what is left tends to be steep. The more intensive use of hillslopes with elaborate 
terrace construction and tree planting also prevents farmers from letting their animals 
wander about on fallowed land. Boys no longer look after the cattie in the fields, 
because they now have to go to school. The spread of Chromolaena, not palatable to 
cattle, is another important factor which has greatly reduced the area under edible 
grasses and shrubs on fallowed land. Owners of several head of cattle therefore leave 
part or all of their animals to the care of others in return of part of the offspring or on a 
profit sharing basis, a practice called gaduhan"^^. The smaller size of holdings in Kepek 
explains why the number of ruminants per tending household is smaller than in the two 
other hamlets (Table 6.8). 
In thinly populated Mendak grazing continued until the late 1970s. Here, unlike in 
the other two villages, the government had to prohibit this practice with the aim of 
protecting terraces and trees planted under the national regreening programme discussed 
in the following chapter. In the other two hamlets it had already ceased in the 1960s. 
However, in Mendak grazing can still occasionally be observed. Grazing cattle in the 
forest area is no longer allowed anywhere. 
With cattle being stall-fed, farmers have adopted the planting of fodder grasses, 
notably elephant grass (Pennisetum purpureum), introduced by the extension service. 
41. The offspring is shared equally among the owner and the person tending the cow (jnaro anak). 
Sometimes if a bull is tended, the receipts from selling are shared {maro bati). 
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This practice spread quickly, as farmers who had not received cuttings sought them 
from their neighbours. The grasses are generally planted on terrace edges in the valleys 
and on the lower terraces of permanently cultivated hillsides. Fodder trees were also 
introduced, such as lamtdrd (Leucaena leucocephala), and when this species became 
infested with a psyllid, with turi (Sesbania grandiflora). The latter was planted 
predominantly on the valley bottoms. The use of tree fodder is important particularly in 
Legundi (Table 6.10). Fresh cassava leaves and crop residues such as maize and 
sorghum stover, groundnut leaves and cassava peels are a considerable source of fodder. 
They are also dried and stored as a reserve supply for the dry season. Weeds removed 
from the fields are carefully collected and kept as fodder. 
Table 6.10 Types of fodder used 
Type of fodder 
Kepek 
(n=6) 
Hamlets 
Legundi 
(n=7) 
Mendak 
(n=8) 
Total 
Elephant grass 
Other managed grassesa 
Sesbania leaves 
Leucaena leaves 
Acacia villosa Leaves 
Banana leaves 
Other tree leavesb 
Maize/sorghum stover 
Groundnut leaves 
Cassava leaves 
Cassava peel 
Natural grassesc 
2 
4 
1 
5 
2 
3 
1 
3 
3 
4 
2 
5 
1 
4 
2 
1 
1 
1 
3 
6 
1 
4 
13 
2 
5 
4 
3 
4 
5 
7 
15 
3 
15 
Notes: Setaria, alang-alang. 
Mahogany leaves, kapok leaves, pawpaw bark, 
c. Panicwn reptans, Andropogon parviflorus etc. 
Source: In-depth farm survey. 
Natural grasses, however, continue to be an imponant source of fodder, especially 
in Mendak where the cultivation of elephant grass is not as w i d e s p r e a d 4 2 , and to a lesser 
extent also in Kepek, where farmers walk to Mendak and funher south to cut natural 
grass in the dry season. Any member of the household may collect fodder. In the wet 
42. Five Mendak farmers in the in-depth survey did not grow any elephant grass on their land at the time 
of the survey, whereas all surveyed farmers in the two other hamlets did. 
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season this is just a matter of cutting some elephant grass or cassava leaves to take 
home after a day's work in the field. In the dry season, however, the search for fodder 
may take several hours per day. The animals may be forced to eat less palatable fodder 
not normally fed to them, such as banana leaves, pawpaw bark, Acacia villosa leaves 
and mahogany leaves. The fodder situation may become very precarious indeed when 
the onset of the rains is delayed. Under these circumstances, farmers often restrict the 
fodder intake of their animals drastically. They may, for instance, prevent the animals 
from eating at all during certain periods of the day by muzzling them (cf. Geldorp, 
1977). Nowadays, truckloads of maize stover and sometimes rice straw are imported 
from the lowlands and the Wonosari area during the dry season, to bring relief, but at a 
high price. In long dry seasons many farmers are compelled to sell part of their stock in 
order to be able to buy feed supplies for their other animals. Even the supply of drinking 
water, especially in Mendak, could become serious in the past43, but with the new pump 
installation built in 1987, the situation has greatly improved. Keeping livestock on the 
compounds day and night has the advantage that more manure has become available for 
crop cultivation. In Legundi stables have been put up near the plots, an innovation 
meant to facilitate fodder collection as well as manuring the plot. 
The small, full-blood Java cow is now rare and most of the cattle in the area are 
products of cross-breeding with Zebu cattle. Cattle raising has shifted somewhat away 
from breeding44 to fattening. Young bull calves are obtained through purchase, barter or 
sharing arrangements. Bulls are preferred because they develop more quickly than cows 
and eat less. They are resold after one or two years, for the value of the animals 
increases more rapidly at an early age than at a later age. As a result, there are 
nowadays more bulls than cows. The practice of cattle exchange is widespread. One 
three year bull may be traded for two calves, or, a calf and some money (tukar-tombok). 
This trade provides farmers with the money they need as well as new stock. Farmers 
often procure cattle with the receipts from late season groundnut or surplus cassava, in 
order to be able to plough and manure their land in the next rainy season. At the same 
time, other households sell their cattle to pay the expenses for certain festivities, such as 
marriages and circumcisions, which are usually held during the dry season. The greatest 
demand for calves occurs at the beginning of the wet season, when fodder is in good 
supply. Farmers do not normally go to the cattle market themselves but deal through 
43. A Mendak farmer explained lhal he once had lo walk to the coast, 8 km in all, to fetch water for his 
cattle from a subterranean stream. His animals were unable to walk the distance themselves. 
44. Mating is still the sole fonm of breeding; artificial insemination is virtually absent in the area. 
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(cattle trader), who is more experienced in bargaining than they are, and whom they 
trust. 
Cattle numbers decreased substantially during the 1987 drought, notably in 
Mendak, as was the case in many villages near the south coast in both subdistricts, and 
had not yet recuperated by early 1989. Some Mendak farmers claim to be short of 
manure because of this; apparently, this hamlet was hardest hit by the drought. In the in-
depth survey, three farmers in Mendak stated that they had to sell their cattle in the dry 
season of 1987 in order to be able to buy food for themselves. One of them has not yet 
obtained any new goats or cattle. In Legundi, on the other hand, the numbers of goats 
and cattle are said to have increased significantly. Farmers here express great interest in 
increasing their stock. Fodder is not seen as a problem; not surprisingly, the planting of 
fodder crops is most developed in this hamlet (see Chapter 7). 
As has been noted above, cattle sharing transactions have also become an 
important means by which households with insufficient capital obtain cattle and goats. 
Cattle sharing (gaduhan) is not only undertaken with local cattle owners, but also with 
cattle owners from nearby lowland areas. The latter version is most widespread in 
Legundi. Legundi is closer to the Bantul lowlands, which explains the recent increase in 
livestock numbers in this hamlet. The prime reason for a household to take up gaduhan 
is often to ensure a sufficient supply of manure. If a farmer does not have livestock, the 
farmer must either ask for manure from relatives or neighbours, or buy it. 
6.10 Summary 
Since the late 1960s, both crop cultivation and animal husbandry have been subject to 
further intensification caused by an increasing man-land ratio. This intensification could 
only be performed successfully thanks to the use of external inputs, extension and 
increased marketing opponunities, which have come about as a consequence of the 
changing political, social and economic conditions during this period. The productivity 
in farming has increased markedly as a result. The population is very much aware of the 
marginal nature of their land resources, particularly hillside land, and has gradually 
developed ways to use their land with greater care. The need to do so stems largely 
from the lack of alternative productive means of support, but in addition, the prospect of 
improved yields also encourages farmers to practise soil conservation measures. At the 
same time, there are indications that off-farm employment more recently has relieved 
some of the pressure on the land, and has led to a decline in fallowing. Despite the 
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general increase in productivity, climatological and biological hazards can still have 
very disrupting effects on local agriculture. 
There are clear differences between the three hamlets particularly in land use, but 
also in yields and to a lesser extent in the choice of crops and cultivars. These 
differences are caused largely by differences in access to land, which distinguish 
Mendak and Legundi from Kepek, but also by differences in extension, marketing 
opportunities, perhaps off-farm employment as well as the functioning of the village 
administration, which distinguish Kepek and Legundi from Mendak. It is in this latter 
hamlet that farmers appear to be most vulnerable to drought and rats. However, one 
important farming activity has not yet been taken into account, the growing of trees, 
which has gained enormously in significance over the last twenty years. We will turn 
our attention to this activity in the next chapter. 
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Chapter 7 
Land use and land management in the Gunung Sewu since 1970: 
The role of trees 
7.1 Introduction. 
This chapter continues the discussion of developments in land use and land 
management in the study area since 1970; the discussion started in the previous chapter 
which dealt with crop cultivation and animal husbandry. The growing of trees forms an 
integral part of farming in the area. It is closely linked to the other components of the 
farming system both through the supply of inputs and through competition between 
trees and crops. Nevertheless, it is discussed separately, for technical reasons and also 
because the growing of trees has different physical requirements, produces different 
items of value, is planned and conducted on a different time scale, and involves security 
problems not normally experienced in crop cultivation and animal husbandry. It is in 
view of these different qualities that the expansion of tree growing best epitomizes the 
fundamental changes that have taken place in land use and land management in the 
area, and merits separate treatment. 
7.2 The expansion of tree growing 
The planting and management of trees, not only for fruit production, but also for wood 
production, has become an important element in farming in the study area over the last 
twenty years. A number of changes have paved the way for this development. The 
depletion of trees on privately owned land and in the official forest area caused a 
general scarcity of wood, most severely felt in house construction. Secondly, with the 
felling of the last full-grown teak on nearby forest land, the de facto teak growing 
monopoly of the forest service came to an end, but because of the precarious economic 
situation in the area immediate large-scale teak planting did not take place. The few 
farmers who tried to grow teak in those days found it difficult to protect their stands 
from theft, while most others were too much preocupied with their food supply. It was 
not until the early 1970s that farmers adopted large scale planting of teak and other 
trees, stimulated by the various regreening programmes launched by the government. 
The improving infrastructure also gave the charcoal trade a new impetus, and triggered 
off trade in firewood, a new enterprise in the area. 
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The Regreening programmes 
Regreening (or penghijauan in Indonesian) is not a novelty in Java. Regreening of 
hillsides with Leucaena was recommended in colonial days in various parts of the 
island 1. After independence, the new national government continued to support the idea 
of regreening. In 1959 the first National Regreening Week was held, and became the 
annual event which it is today2. The regional government was also well aware of the 
situation in the uplands and regreening of bare upland areas was undertaken to combat 
erosion, but never assumed large proportions3. In general, regreening actions prior to 
1970 remained small and hardly touched the research area. 
In the 1970s and early 1980s, however, several regreening projects were set up 
which were to leave a lasting impact on farming in the Gunung Sewu. Large funds were 
made available, initially through the Department of Agriculture, but later increasingly 
through special Inpres4 funds. These latter by-passed the existing bureaucratic 
structures. Money was made available for plant material, logistics, administration and 
incentives for the participants. The areas covered were large, and programmes were 
aimed at, in principle, all subdistricts and villages, rather than small target areas. The 
entire local government structure was mobilized from the bupati down to the village 
officials5. The distribution of funds and plant material was centrally planned, but the 
distribution of plant material among the farmers was left to the village administration. 
Planting was generally carried out by groups of farmers. Farmers who owned the land 
coming under the programmes were simply instructed to participate, since it was 
1. Trees were to be planted in rows along contour lines on dry-cultivated hillsides as a first step towards 
the gradual formation of terraces. (Schuitemaker, 1949). 
2. In this manner the government attempted to increase environmental awareness among the population, 
inspired by the tree planting drives held in India during the 1950s, (Soedarwono Hardjosoediro, pers. 
comm.). 
3. A so-called karang kitri committee was established, involving several agencies, jointly chaired by the 
Sultan and Paku Alam. One of its aim was to halt erosion and rehabilitate degraded land in the 
agricultural areas. In the fiscal year of 1951/2, a total of 900 ha of bare land was planted with karang kitri 
(trees and other perennials) in the entire Yogyakarta Special Region. For 1953 a target of 1000 ha was 
set. Among the species planted was lamtdrd (Kementerian Penerangan, 1953: 462,484-5, 577). 
4. These funds, created by Presidential Instruction {Inpres: Instruksi Presiden) were meant to give more 
opportunities for local development initiatives. 
5. Notably Ir. Darmakum Darmokusumo, a forester by training, put an enormous effort into regreening 
during his term as head of Gunungkidul District. 
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regarded to be for their own benefit. Planting was not limited to land in cultivation at 
that time, but also included fallowed hillslopes. Plantholes had to be dug and the 
vegetation around the plantholes cleared. Initially planting material was made available 
in the form of seedlings from centrally located nurseries. A wide range of species have 
been distributed in this fashion including lamtdrd or kemlandingan (Leucaena spp), 
Acacia villosa, singon, teak, mahogany and Acacia auriculiformis. Mass programmes 
of this kind were carried out in the three hamlets in 1972/3, 1978/9 and 1982/3.6 
More recently, smaller scale projects have been executed in the form of 
demonstration plots of a few hectares in extent, from which the adoption of trees and 
fodder grasses would spread. In Mendak there was one such programme from 1984 to 
1987. During my fieldwork, a small regreening programme was carried out, also in 
Mendak, aimed at the establishment of farm wood lots {Hutan Rakyat or people's 
forest). It involved some forty households. One farmer in the in-depth survey 
participated in this programme. In Legundi, the village administration has tried to keep 
the spirit of regreening alive, with internal funding only {swadaya), through the 
establishment of farmer groups. These groups, each comprising about 25 participants, 
are expected to collect their own funds, look after their own nurseries and take care of 
planting trees on their members' plots, where necessary. Although nearly all farmers in 
Legundi participating in the in-depth farm survey were members of such groups, most 
of them seem to take care of their own planting and plant material themselves. 
According to the PLP's {Petugas Lapangan Penghijauan or regreening extension 
officers) the regreening programmes have been least successful in Mendak. Mendak's 
population has shown far less interest in planting trees on their land than in Kepek and 
Legundi. In the PLPs' view, an important reason for this is that the village 
administration has done little to stimulate the participation of the population. Village 
officials often said that the PLP's were being too hard on the farmers by demanding so 
much from the fanners' time and energy. The attitude of the Mendak village 
administration can perhaps be connected with a general feeling that the village, and its 
administration in particular, has too many obUgations towards the subdistrict 
government and its agencies without getting much in retum7. Poor communication 
between village administration and the population due to the scattered nature of the 
settlement seems to exacerbate this situation. However, lack of encouragement or 
6. In 1972 Desa Kepek was chosen as the central location for the 13th National Regreening Week. 
7. The headman complained, for instance, that his village was the only one in the subdistrict that was not 
yet properly connected with the outside world. 
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compulsion by the village administration and lack of communication are probably not 
the only reasons why the population of Mendak has not adopted regreening and tree 
planting as readily as elsewhere. The activities of individual farmers in Legundi may 
illustrate this point. Other possible causes need to be examined as well. 
This is not to say that regreening projects in Kepek and Legundi have been 
immediately successful. Survival rates of planted trees were often low due to adverse 
weather conditions, deficient plant material, unskillful planting, inadequate organization 
and the top-down nature of the entire approach. The most important, indirect 
contribution of the regreening programmes, however, has been that it enabled farmers to 
experience the performance and benefits of the trees, to observe its effects on annual 
crop cultivation and to find out in what acceptable ways tree planting could be 
incorporated into the farming system. Although the planting of trees may have been 
compulsory in the beginning, it became a habit for those farmers who eventually came 
to acknowledge the viability and the advantages of tree growing. Furthermore, a stock 
of trees of preferred species has gradually built up, sufficiently large to produce seeds 
and seedlings for further tree propagation in a sustainable fashion. 
The planting of fruit trees and other trees not primarily grown for their wood but 
for some other product has also expanded as a consequence of greater marketing 
opportunides, particularly of so {Gnetum gnemon)^ and banana. Bananas are now sold 
in large quantities. The introduction of higher yielding varieties of species already 
common in the area, such as kapok (Ceiba pentandra) in the early 1970's, has 
stimulated farmers to plant more of them. Regreening projects organized in later years 
also included the distribution of fruit tree species, such as coconut, jackfruit and cashew 
nut {Anacardium occidentale) for planting on valley bottoms and hillslopes. 
As a result, the number of trees in the agricultural landscape has increased. 
Comparison of aerial photographs taken in 1969 with photographs from 1981 shows 
increasing tree densides in all three hamlets (Table 7.1). However, considerable 
differences exist between the hamlets. Tree densities in Legundi are found to be the 
highest for both years, followed by Kepek, and lowest in Mendak. Numbers of trees per 
landholding and tree densities per hectare as found in the in-depth farm survey are given 
in Table 7.2. 
8. The fruits of this tree, called mlinjOy contain seeds which are used for the preparation of emping 
mlinjo, bitter tasting thin and crisp chips eaten with meals or as a snack. The seeds are sold to traders at 
the local markets. Young leaves and the fleshy fruits are eaten as vegetables by the population. 
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Table 7.1 Tree densities on aerial photographs, 1969 and 1981 
Hamlet Area 
(on enlarged 
Tree Dots 
(on ground) 
Average per km2 
photo; cm2) 1969 1981 1969 1981 
Kepek 54.7 268 512 314 599 
Legundi 42.8 609 920 912 1378 
Mendak 49.2 242 470 315 612 
Note: slight scale differences between the photographs occurred; the figures of column one have been 
adjusted to the 1:10,000 scale; the sample areas on the photographs correspond to an area of 0.7 to 
0.9 km2 on the ground (see further appendix 5). 
Table 7.2 Number of trees with a diameter at breast height of 5 cm or more 
Hamlet Home 
gardens 
Valley 
bottoms 
Hillslopes 
Cultivated Fallow 
Total 
per household 
Kepek 
Legundi 
Mendak 
per hectare 
Kepek 
Legundi 
Mendak 
864 
491 
312 
943 
644 
500 
637 
797 
570 
176 
111 
146 
1273 
2470 
688 
374 
722 
203 
199 
923 
480 
122 
137 
72 
2973 
4681 
2050 
311 
339 
140 
Notes: including banana and pawpaw; bamboo excluded. 
Source: In-depth farm survey. 
7.3 Tree growing practices 
Species grown and sources of planting material 
Farmers have a preference for fast-growing species, with good timber quality, 
producing seed material which germinates readily and is easy to come by. Teak, 
mahogany (Swietenia macrophylla) and Acacia auriculiformis for timber and firewood, 
and wes^n (Cassia timoriensis) and turi {Sesbania grandiflora) for firewood and fodder, 
are now the most common species grown (Table 7.3). Sand keling (Dalbergia latifolia) 
which is widely planted in the Batur Agung range (Obbink, 1988: 65), has proven less 
suitable for the dry conditions in the Gunung Sewu. 
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Table 7.3 Number of tree species grown (sum of 10 households in each hamlet) 
Species Kepek Legundi Mendak 
home fields total home fields total home fields total 
gardens gardens gardens 
Timber trees (dbh > 5 cm) 
teak 65 363 428 25 820 845 14 458 472 
mahogany 121 42 163 7 216 223 7 111 118 
acacia 4 54 58 - 203 203 - 135 135 
wesen 34 127 161 5 162 167 1 29 30 
dulisen 1 19 20 3 20 23 3 8 11 
ule 1 13 14 1 1 2 - 1 1 
kesambi 5 2 7 9 4 13 2 2 4 
pule - 6 6 - 18 18 - 2 2 
sdnd keling 9 6 15 1 4 5 1 - 1 
singon jdwd 2 15 17 - 4 4 - 4 4 
trembelu busuh 4 10 14 - - - 1 1 2 
other 31 44 75 12 28 40 34 35 69 
Firewood/fodder trees (all sizes) 
manding jdwd/ 93 712 805 146 319 465 4 176 180 
lamtdrd 
turi 7 393 404 114 1411 1525 65 177 242 
daglik 72 22 94 62 236 298 2 1 3 
pigeon pea 8 435 443 4 86 90 3 627 630 
gliricidea - 26 26 10 216 226 - 6 6 
other 42 27 69 - 66 66 - 6 6 
Fruit trees (dbh > 5cm) 
kapok 60 15 75 72 68 140 8 11 19 
so 50 26 76 44 94 138 31 1 32 
coconut 22 14 36 23 62 85 17 20 37 
jackfruit 20 20 40 2 20 22 3 13 16 
mango 10 12 22 3 26 29 5 3 8 
guava 3 10 13 2 9 11 - 3 3 
citrus 8 4 12 2 5 7 1 - 1 
breadfruit 4 3 7 - 20 20 6 12 18 
soursop 3 13 16 2 22 24 - 1 1 
cashew 2 - 2 1 13 14 - - -
other 12 15 27 6 5 11 9 4 13 
Non-woody species(all sizes) 
banana^ 263 815 1078 214 960 1174 163 571 734 
pawpaw^J 74 425 499 50 452 502 35 265 300 
bamboo^ 754 150 904 130 356 486 108 202 310 
Note: See appendix 4 for scientific names and list of species found in the in-depth farm survey, 
stems-
b stalks. 
Source: In-depth farm survey. 
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Plant material was initially obtained from nurseries set up under the regreening 
programmes, or collected in the forest area (notably teak). The forest service has in 
recent years allowed and sometimes actively encouraged tumpangsari participants to 
collect teak seed or seedlings from the forest for planting on their own land. Nowadays 
farmers collect seedlings of teak and acacia from their own land or from that of their 
neighbours and transplant them to suitable places. They also collect seeds from 
flowering trees (mahogany, daglik (Bauhinia purpurea), turi, wesen) and plant them. 
Some farmers have even set up their own nurseries. Farmers obtain seed material for 
fruit trees from their own trees, they may ask for seeds from neighbours or relatives, or 
collect them from fruits purchased at the market. So is usually propagated vegetatively, 
to shorten its initial unproductive period^. Coppicing is widely practiced and subsequent 
regrowth (semin) is often said to produce better quality wood than does primary 
growth. 
Native species are now generally disregarded as a source of construction wood in 
favour of the introduced species although some of the native woods, such as weru and 
trembelu busuh, are of high quality. Seed is hard to find because of the very small 
numbers of mature trees left in the area. Germination of the seeds is held to be more 
difficult. Native timber trees are also said to grow more slowly. Where still found on 
cultivated hillsides, the trees are usually cut at an early age to serve as firewood or 
charcoal. Also on fallowed land they have little chance to develop unless they have 
reached a certain size, as seedlings are easily smothered by the omnipresent 
Chromolaena shrubs. Many species have already disappeared. 
Sites 
Home gardens have traditionally been the place for intensive tree growing. Here the 
fruit trees are close to the houses, to facilitate harvesting and protection from theft, 
while providing shade. They grow scattered over the home compound as well on its 
edges. Nowadays also many wood species are grown in home gardens, largely on the 
boundaries. They usually consist of a mixture of long rotation species such as 
mahogany and teak for timber and shon rotation species such as daglik or turi for 
firewood and fodder. It is in the homegardens that the highest tree densities are still 
found, particulariy in Kepek. This hamlet, having proportionally more land suitable for 
9. However, as a consequence its root system fails to penetrate the soil to a sufficient depth, and regular 
watering during the long dry seasons is required. 
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annual cropping, shows the greatest tendency of concentrating tree growing in its more 
spacious homegardens. In this respect it resembles lowland villages with its stark 
contrast between densely planted homegardens and virtually treeless sawah land. 
In the valley bottoms fruit trees such as coconut and breadfruit are grown in the 
comers of the terraces and bananas along the edges of the terraces. This was common 
practice in the past, but now more and more fruit species, such as so trees, are planted 
on valley bottoms, outside the homegardens. This development is most advanced in 
Legundi (Table 7.3). In addition, rows of short rotation trees such as turi are now grown 
across the terraces, while on the outer edges rows of timber trees have appeared. Apart 
from terrace edges, however, most of the valley bottoms have remained free of trees to 
ensure optimum conditions for annual crop cultivation (Figure 7.1). 
Figure 7.1 Valley bottom, Randulawang, Kepek 
Note: only a few banana uecs can be seen among the five months old cassava plants. 
Photo: J.W. Nibbering, February 1989. 
With the exception of bananas, pawpaw and, sporadically, hardy shrubby trees like 
sugar apple {Annona squamosa) and guava (Psidium guava), very few fruit trees are 
grown on hillslopes. Only a few are found on the lower parts of permanendy cultivated 
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slopes. Fruit trees are highly susceptible to water-stress which easily occurs on the 
shallow soils on the hillsides and they do not tolerate competition from fallow 
vegetation. It is doubtful whether the recent attempts to plant more fruit trees on 
hillslopes will have much success. The hillsides are the realm of the timber trees (Figure 
7.2), where about 75 per cent of total wood volume of the standing stock is made up by 
trees scattered over the plots and the remaining 25 per cent by trees on plot boundaries. 
Figure 7.2 Teak and Acacia auriculiformis growing on terraced hillside, Ngepung, Legundi 
Photo: J.W. Nibbcring, May 1989. 
Clearly, tree planting has in general less adverse effects on food crop production on 
hillslopes than on valley bottoms because of the lower crop yields on hillslopes. Trees 
on hillslopes, however, also perform less optimally than on valley bottoms. 
Consequently, more trees and bigger trees are found on the edges of the valley bottoms 
and the lower parts of hillslopes, where the soil is thicker, than upslopelO. Large trees 
have died on shallow hillside soils during long dry seasons. Teak trees on hillslopes are 
10. It was observed that teak trees higher up the hillslopes also shed their leaves earlier in the season than 
those near and on the valley bottoms. 
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on average shorter than on valley bottoms for similar diameters (Figure 7.3). From a 
farmer's perspective, however, hillslopes are the better place for growing trees. 
Height 
2 3 4 5 6 7 8 9 10 111213 14 15 1617 18 19 2 0 
Diameter (cm) at breast height 
Figure 13 Average height as a function of diameter at breast height of teak trees on hillslopes and 
on valley bottoms 
Source: in-depth farm survey. 
Tree growing patterns 
In permanently cultivated areas, trees are planted and felled more or less continuously. 
They are cut when there is a need for wood or cash. Seeds are planted or seedlings 
transplanted wherever there is room. Intermittently cultivated hillslopes are normally 
planted only when they happen to be under cuUivation. Farmers regard the labour inputs 
required for planting on fallowed land, and the frequent weedings required afterwards to 
prevent the seedlings from being smothered by the surrounding Chromolaena shrub 
vegetationll as too demanding; the chance of survival is too low, to warrant such an 
effort. This behaviour clearly deviates from that advocated by the regreening 
11. In a highland forest area, Chromolaena inulifolia was found to eliminate the possibility of 
spontaneous regeneration of Acacia decurrens (Djawatan Kehutanan, 1952: 30,46-47). 
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programmes, which targeted fallowed hillslopes for tree planting. Since the trees are 
planted well before the subsequent fallow period, they become big enough to withstand 
the rapidly invading Chromolaena, once fallowed. When the land is cleared again, the 
trees can be felled too, to make room for annual crops. However, clear-felling is rarely 
done. Many trees are left in the fields as the farmer does not need the wood yet, or 
because the trees are still too small to be cut. In the meantime, the stock starts to 
increase again, resulting from a combination of natural rejuvenation and transplanting 
or direct planting by the farmer. In Legundi and Mendak, where fallowing land is still 
important, there is a general increase in the number of trees and standing stock with 
increasing length of cultivation (Figure 7.4). This is particularly so in Legundi, where 
even the numbers of saplings (dbh < 5 cm) increase over time. This may serve to 
illustrate the favourable atdtude of the farmers towards substantial tree growth on theh" 
land before the land is fallowed again. This picture is very different from the one 
described by Soedarwono Hardjosoediro (1975: 5), who stated that fanners in the 
Gunung Sewu did not bother about replanting after cutting their 'regreening' trees. 
Possibly interest in growing trees was at that time not yet as developed as it is now. 
Tree densiues and standing stock on permanently or semi-permanently (> 5 years) 
cropped hillsides are also considerable. 
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S«4ec]ed spedes, dbh < 5 on Al trees, dbh > 5 cm 
Standing stock, all trees 
< 3 
3 - 5 
>5 
Figure 7.4 Tree density and standing stock on cultivated land for different cultivation periods 
Note: ^ long rotation species: teak, mahogany, acacia, wesen and sdnd keling. 
^ diameter at breast height 
Since hillside area cultivated/fallowed for five years or less is very small in Kepek, corresponding 
figures have been omitted. 
Source: in-depth farm survey. 
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All trees, dbh > 5 o n Standing stock all Uees 
6 to . 10 
Figure 7.5 Tree density and standing stock on fallowed land for different fallow periods 
Note: see Figure 7.4. 
Source: in-depth farm survey. 
Tree densities on fallowed hillsides (Figure 7.5) show clear differences between 
Legundi and Mendak. In Legundi land fallowed for less than five years has a much 
higher tree density (and volume) than land which has been under fallow for a longer 
period. In Mendak, however, tree density decreases with decreasing fallow length. This 
may indicate that in Mendak there has been a decline in tree planting or an increase in 
premature cutting since the regreening programmes. The standing tree stock on 
hillslopes fallowed for over ten years in both Kepek and Legundi appears to be very 
large (see also Figure 7.6; households Kl , K3, L2, L7, M5, M8). Evidently, it has 
become so large because the trees have been allowed a long time to grow. It seems not 
unlikely in these instances that the growing of trees has delayed clearance, enabling the 
fanners to obtain a voluminous stand. 
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Figure 7.6 Standing stock per area unit (ni3/ha) for separate plot sections 
Source: in-depth farm survey. 
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At the farm level, large differences in wood volume from one hillside plot to the 
other on single landholdings are sometimes related to different stages in the planting 
and cutting cycle (Figure 7.6). Some plots with low volumes per ha appear to have been 
thinned out recently after being cleared, but all of them had already been planted with 
young trees (K3, LI , L6). 
Tree growing and annual crop cultivation 
Farmers are very much aware of the competition for light, nutrients and soil moisture 
between trees and annual crops grown on their fields. They generally try to maintain a 
balance in the tree canopy, which differs from farmer to farmer and from plot to plot, 
depending on plot conditions and the farmers' needs and preferences. Thinning and 
pruning are regular operations to permit the penetration of sufficient light to the annual 
crops and to provide farmers with firewood and fodder at the same time. Farmers often 
transplant seedhngs which have germinated in the middle of their fields to the 
boundaries, so as to keep the numbers of trees spread across the fields at an acceptable 
level. As trees become taller, farmers tend to thin more drastically among trees growing 
scattered across the fields than trees growing on the boundaries (Figure 7.7). Farmers 
generally consider a tree density of 200 trees per hectare acceptable in association with 
annual crop cultivation. In the regreening programmes, however, densities of 400 trees 
per hectare are the aim. 
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Figure 7.7 Height distribution of teak trees for different sites on cultivated hillsides 
A: trees scattered across the fields 
B: trees on the boundaries 
Source: in-depth farm survey. 
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Figure 7.8 The effect of shading on light intensity recorded on ground surface, plot Pateiten, 30 
May 1989, Legundi (readings every 30 minutes) 
A: on valley bottom at open site (1 measured point) 
B: on hillside with moderate tree density (teak); slope ca. 25 %; aspect: northwest (average 
of 9 measured points) 
Source: field measurements. 
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However, the amount of shade, and the yield reductions which farmers tolerate, are 
sometimes considerable. Figure 7.8 gives an example of the effect of moderately dense 
teak foliage on light intensity measured at ground level on a cultivated hillside in 
Legundil2. Total illumination was found to be only 40 per cent of that recorded on the 
adjacent treeless valley bottom during one day 13. The farmer cultivating this site 
expected cassava yields on this plot to be about three pikul (shoulderloads), two pikul 
less than they would have been without the shading effect of the trees. He took this 
yield reduction for granted in view of the large benefits which would be derived from 
the trees when fully grown. In Legundi, which has more trees on agricultural land than 
the two other hamlets, shading has undoubtedly a larger effect on crop yields than in the 
other two hamlets 14. 
Of the three most important timber species. Acacia auriculiformis^^, is the most 
controversial in the eyes of the farmers, due to its greater adverse effects on annual crop 
cultivation. However, the tree performs best of all on the rocky hillsides. It also has an 
enormous capacity for rejuvenation 16, much more so than teak and mahogany it has a 
thick and widely spreading root system, and its hard leaves, which are shed profusely 
and protect the soil, decay slowly, rendering the tree less suitable for incorporation into 
annual crop systems. Opinions differ on the quality of the wood for construction 
because of the tree's tendency to develop a crooked trunk, but it produces fine charcoal. 
Farmers have therefore continued to plant the tree after the regreening campaigns, but 
only on intermittently cultivated hillslopes where it performs well and interferes least 
12. A semi-automatic photo camera was used to determine relative light intensity. Measurements were 
based on the principle that such a camcra is designed to keep the illumination rate constant by regulating 
exposure time for a given diaphragm aperture. Since light intensity is proportionally related to the square 
value of diaphragm aperture and inversely related to the duration of exposure, relative light intensities 
can be calculated. Every 30 minutes readings of diaphragm aperture and exposure time were taken for 
nine white, 60 cm x 90 cm large sheets laid out at regular distances on the hillside plot and for one sheet 
in the adjacent valley bottom. The camera was aimed at the sheets and held about one metre above the 
ground. 
13. Since the trees had already started to shed their leaves, the effect of shading during much of the 
growing season must be greater. 
14. However, a small amount of shade is sometimes deemed favourable by the farmers, as it reduces soil 
surface temperatures on hot days, thereby preventing excessive evapotranspiration. 
15. This species is native to the Kei archipelago, New Guinea and some islands in northern Australia 
(LIPl, 1979: 9). 
16. This is all the more advantageous because naturally spread seedlings, on cleared land, that is, perform 
better than the planted ones. 
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with annual cropping. Not surprisingly, the numbers of acacia are smallest in Kepek 
(Table 7.3). In the 1970s also singon laut (Albizzia falcata) was introduced as a 
regreening tree, but the tree has not been adopted by the population. Its root system is 
similar to that of Acacia auriculiformis, and its performance on the hillslopes was found 
to be poorer than that of the other trees. 
It appears that, at the time of the survey, households with smaller holdings (K8, 
K9, KIO, L9, LIO, MIO) had smaller standing stocks per unit area on cultivated 
hillsides than households with large holdings (Figure 7.6). The holdings of the latter 
show a more mixed pattern, partly as a result of cutting and plandng cycles. However, it 
is perhaps not justified to conclude on the basis of these differences that households 
with small holdings opt for less trees on dieir land because of competition with annual 
crops. Hillside cuUivarion by households with small holdings is in some cases 
permanent, implying that cutting and planting is more continuous keeping stocks at a 
minimum level. Here, wood production per area unit, if measured over longer periods, 
is not necessarily lower than on intermittently cultivated hillsides where wood 
production is subject to greater fluctuations. This brings us to the question to what 
extent tree growing is sustained. 
Rotations 
Firewood and fodder trees, such as turi are usually cut after two years, and replanted. 
They would otherwise cause too much shade for the crops on the valley bottoms. 
Daglik, wesin and manding jdwd are subject to an annual regime of coppicing. Trees 
producing construction wood such as teak and mahogany are cut after 10 sometimes 15 
years. Timber trees are all constantly pruned to obtain firewood and fodder, as well as 
to reduce shading. 
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Figure 7.9 Distribution of diameter at breast height (dbh) of teak and mahogany (dbh-classes with 
2 cm intervals) 
Source: in-depth farm survey. 
Clearly, timber trees are cut at an early age. A diameter at breast height of 14 cm is 
often regarded large enough to allow cutting (Figure 7.9). The quality of the wood is 
therefore low in comparison with that of the 70 year old teak trees which used to be 
obtained from the forest in the past. Such old teak trees are no longer found in the area. 
The low quality of smallholders' teak and other timber woods as a result of cutting the 
trees at an early age also means that wood materials used in house construction do not 
last very longl7, causing farmers to keep on cutting their trees at an early age. 
/ 
17. Ten year old teak (dbh of 15 cm) lasts for about 15-20 years. 
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Figure 7.10 Proportion of saplings in total tree numbers for selected species 
Source: in-depth farm survey. 
Conditions for the sustained propagation of trees seem favourable, because for 
most species the number of seedlings and saplings are very large in comparison to the 
number of larger trees (Figure 7.10). In the case of wood trees, a large part of these 
seedlings are the product of natural rejuvenation, although some seedlings may be 
transplanted by the farmers. Regrowth after cutting of teak, wesdn and acacia is also 
quite substantial. If the present tree height distribution is assumed to reflect a 
homeostatic situation, it can be inferred that many saplings and smaller trees are either 
cut or perish at an early age. This is particularly true for native trees, such as kukun and 
kesambi with a low, big trees - saplings ratio, presumably due to early cutting. Probably, 
a number of seedlings do not survive the dry season and transplanted seedlings are 
especially vulnerable to dry spells. However, the stock of saplings, whether planted or 
not, seems so large that in the long run it is probably enough to maintain present tree 
numbers. 
For each landholding, standing stocks were c a l c u l a t e d l S . Annual increment was 
calculated as twice the standing stock divided by the rotation period of the trees {van 
18. For the calculation of the wood volume of each tree the following formula has been used: 
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Mantel formula), assuming that the tree stand has a normal age distribution and that the 
increase in annual increment with age is linear 19. An average rotation period was 
estimated at 15 years20. Although rotations in Legundi seem to be shorter, with a large 
part of the wood produce being sold as firewood and charcoal, a similar average 
rotation period was assumed for all three hamlets. Comparison of annual increment with 
the quantity of wood extracted during one year may indicate to what extent wood 
production is sustained (Table 7.4). It appears that in all hamlets wood extraction in 
1988/9 exceeded increment. However, considering the number of assumptions involved 
in these calculations, the resulting figures should be interpreted with care. Also, excess 
extraction in one year may be compensated by net increment in the next. Perhaps more 
significant is the much greater rate at which extraction exceeds production in Mendak, 
suggesting that growing trees is least sustainable in this hamlet. 
Table 7.4 Average annual wood balance per hamlet (in m3; ten households in each hamlet) 
Hamlet Standing Annual Annual Excess cut Households 
stock increment^ wood cut as % of exceeding 
(AI) AI AI by 200% 
Kepek 260 36 57 58 5 
Legundi 309 43 79 84 3 
Mendak 137 19 70 268 9 
Note: ^ an average rotation period of 15 years has been assumed. 
Source: In-depth farm survey. 
V = f x7r/4 X d2 X h 
with: 
V = stem volume (m3) 
f = form factor: 0.7 
d = diameter at breast height (m) 
h = height (m) 
The resulting stem volume has been multiplied with a factor of 1.15 to account for branch wood. This 
formula was also used in firewood production and consumption studies in cental Java, conducted by 
Kuyperand Mellink (1983: 108) and Verweij (1987: 13). 
19. In reality, neither condition is probably met. There arc however no alternative approaches of similar 
simplicity available. 
20. Kuyper and Mellink (1983: 114) assumed an average rotation period of 20 years for their annual 
increment calculations, but unlike the farmers in their study, those in the present study rarely let timber 
trees grow for such long periods. Kuyper and Mellink probably also overestimated the rotation periods of 
firewood species and did not take coppicing and thinning practices into account. 
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In Kepek, households which used the largest amounts of wood relative to their 
(present) stock used it for house construction (K4, K7, K8). In Legundi households with 
school-going children appear to have cut the largest proportions of standing stock to 
make charcoal or to sell firewood, to offset their school and living expenses (L3, L9). In 
Mendak a combination of charcoal making and construction activities is responsible for 
excessive wood cutting by most households. Households with large standing stocks 
were found to have used only a very small portion of their total stock. Interestingly, all 
these households have large holdings, have grown-up children and three of them still 
live in houses wholly made of teak obtained from the forest land (Kl, LI, L2, L4, M5). 
7.4 Tree use 
Firewood for family consumption requires the largest amount of wood (Table 7.5). 
Firewood usually consists of fallen branches, pruning and left-overs from carpentry 
work. Some fuel is also derived from the woody stalks of fallow shrubs and crop 
residues. The other uses of wood may constitute a large portion of the annual woodcut, 
but not necessarily every year. Commercial firewood usually consists of large branches 
and chipped stemwood. Charcoal is made of left-overs of carpentry w o r k 2 l and chipped 
stemwood, usually of acacia, wesin, mahogany, and now rarely, kesambi. Farmers do 
not use teak for burning charcoal as they want to reserve it for construction purposes. It 
is also officially prohibited to use teak for this purpose, a regulation dating back from 
earlier days, still meant to protect the teak stands on the forest land. For making 
charcoal, the wood is piled up, on the pekarangan, in earth-covered stacks (kowin) of 
about 1.5 m high and 2 m in diameter and burned in that fashion for a number of days. 
21. Two respondents said that they were sometimes given left-overs from construction work by their 
neighbours, without charge. 
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Table 7.5 Annual amount of wood used per hamlet, according to farmers' statements (the figures 
in brackets show the number of households involved; ten households in each hamlet) 
Hamlet Firewood Charcoal Construction wood Total 
consumed^ sold 
sold 
consumed sold 
Quantities involved (in m^) 
Kepek 46 6 _ 5 _ 57 
Legundi 40 12 18 5 4 79 
Mendak 48 - 11 11 - 70 
Households involved 
Kepek 10 2 7 -
Legundi 10 6 10 4 4 
Mendak 10 - 7 7 1 
Note: See appendix 7 for conversions used. 
^ crop residues, wood from fallow shrub vegetation, purchased wood, excluded. 
Source: in-depth farm survey. 
Trade in firewood only takes place in the two hamlets on the main road, and most 
of all in Legundi. Charcoal is made in Mendak and Legundi. Farmers can make their 
own charcoal. Large farmers may invite others do it for them on a profit-sharing basis. 
Kepek farmers no longer produce charcoal. They have been involved in making 
charcoal in times of great distress, which, according to them, have not occurred over the 
last 20 years. They consider the returns of burning charcoal to be too low to make it 
attractive as a regular occupation (see Chapter 8). In Legundi there seems to be a 
tendency to shift from selling charcoal to selling firewood, because the returns to labour 
are higher22. 
Firewood which is offered for sale is tied together in small bundles (bongkok) of 
various sizes and are sold to local assembly traders {bakut) or traders from outside. The 
farmers carry the bundles to the roadside which are then collected by the trader with a 
truck or pick-up truck and transported to a lowland market, usually Imogiri, Bantul or 
Yogyakarta. The firewood trade is highly lucrative because of substantial regional price 
differences which greatly exceed transport costs23. Local people only buy firewood, 
when, for instance, they require large amounts of wood for special occasions. It also 
occurs that farmers leave the felling of the trees to the trader (tebasan). Low value per 
weight unit and, concomitantly, proportionally high transportation costs is probably the 
22. However, in doing so, they get less money for the same amount of wood (see chapter 8). 
23. A bundle of firewood bought for Rp 250 in the study area can be sold for Rp 6(X) in Yogyakarta. 
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main reason why no firewood trade occurs in Mendak. Charcoal is usually packed in 
fertilizer bags (karung), or in bamboo baskets (kranjang) weighing about 40 kg and 
transported in a fashion similar to firewood. Many locals are part-time engaged in the 
charcoal trade. A number of traders operate from Imogiri. 
The production of wood for the construction of houses and stables is important in 
all hamlets. In Legundi, most of the wood used in houses built during the last 15 years 
by participants in the in-depth farm survey, was made up of wood from their own land, 
whereas in Mendak most of the wood had been purchased (Table 7.6). Generally, 
people have increasingly derived their construction wood from their own land, at the 
expense of purchased wood. Most houses older than 30 years, however, have been built 
with teak from the forest area24 (Table 7.7). In the older houses, more wood from native 
trees has also been noted. Construction wood is sometimes sold, but selling is limited 
largely to transactions between villagers. The felling of the trees is usually left to the 
buyer. Furniture is made predominantly of local wood. 
Table 7.6 Origin of wood for houses constructed during the past 15 years (percent) 
Hamlet Own land Purchased 
Kepek 
Legundi 
Mendak 
61 
89 
12 
39 
11 
88 
Source: in-depth farm survey. 
Table 7.7 Origin of wood for houses presently occupied 
Age of 
structure Own land 
Origin 
Purchased Forest 
0-15 yrs 
16-30 yrs 
> 30 yrs 
56 
47 
12 
44 
53 
Source: in-deplh farm survey. 
24. However, houses made of non-teak, lower quality species may not have lasted as long as houses made 
of mature teak. The actual proportion of leak houses may therefore have been lower at the time. On the 
other hand, many teak houses were sold in the bagaber years. 
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Another important use of trees is fodder supply. Tree leaves have since early times 
been used as fodder, when odier fodder sources become scarce. Banana, mahogany, 
jackfruit, kapok, and wesdn leaves are used in this way, especially during the dry 
season. Excessive leaf picking considerably hampers the trees in their growth. 
Nowadays a number of trees are grown primarily for fodder production, such as turi, 
manding jdwd, which is less affected by the psyllid than lamtdrd, and gliricidia. The 
planting and use of fodder trees is most developed in Legundi and Kepek (Table 7.3). 
7.5 Security of tree produce 
The growing of trees, certainly of long rotation trees, is an investment, the benefits of 
which may only be reaped after a number of years, while in the meantime it may reduce 
the yields of annual crops. Therefore, this investment and the subsequent care of trees 
requires a certain degree of security of control over the trees. 
On the forest land, this security is largely absent, although forest officials claim 
that the situation has been improving. The lack of security that has prevailed over 
decades is best shown in Legundi. Here, designated forest land starts where forest ends: 
while the hillsides cultivated by the population are densely planted with trees, the forest 
land is virtually devoid of trees and is covered in shrub, the final result of a history of 
natural forest and forest plantations gradually thinned out by the surrounding 
population. People still regard forest land as common land and use it as such, although 
not openly, while the forest police are not capable of keeping the people out once a 
plantation has been established. To the population a failed plantation is just another 
opportunity to be involved in tumpangsari. 
In the past, security of tree stands on privately owned land was also not good^S, but 
it has considerably improved over the last ten years, notably in Kepek and Legundi. 
Here, by and large, people now refrain from stealing others' trees. There also seems to 
be less need to do so, as everybody is growing trees in considerable number. In 
Mendak, however, extension officers, village administrators and local farmers alike still 
consider theft of wood to be a problem. Here, five farmers in the in-depth survey 
25. An ex-farmer from Panggang, now working as a car mechanic in the city of Yogyakarta, told me that, 
in the 1960s, he spent several nights in the field, fed up with the gradual disappearance of the leak stand 
on his land, waiting for the thieves to come. One night, a gang of five men appeared, equipped with axes. 
He identified them and took the matter into court in Wonosari. The illicit cuttings, however, did not slop. 
Similar gangs also operated on the forest land at that time. 
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mentioned it as such; in Kepek, only one farmer did so (K4), referring to a plot in the 
south. He was therefore not very eager to plant any trees there. In Legundi no farmer 
mentioned it. In Mendak, wood thieves, usually striking at night, are believed to be 
people who are financially hard-pressed {kepdpit), with little stock of their own. Not 
surprisingly, most of the densely wooded plots here are found in and around the hamlet, 
unlike at Kepek and even more so Legundi where dense tree stands could be found at 
any distance from the hamlets. This is partly because in Mendak some out-lying plots 
have never been targeted in regreening programmes, but considerations of security also 
play a role. In one instance, a Mendak farmer accused Kepek people from stealing the 
wood of his land. The larger holdings, the scattered nature of the settlement, and a 
regular influx of people from the north to cultivate rented land, to gather fodder, and 
perhaps in search of wood, make it harder for Mendak farmers to control their standing 
stocks. 
The growing of trees also requires security over the land on which trees are grown. 
The use of privately owned land is fairly secure, although virtually no household has 
land title certificates. The transfer of ownership involved in the inheritance of land, 
however, is often gradual (see section 5.2), as parents may first 'lend' their land to their 
children. Although a young couple may be cultivating their inherited piece of land, their 
parents can often still claim the produce of the trees. Trees, therefore, do not necessarily 
come with the land. A complete tree stand is sometimes cut before the land is 
surrendered to its heir. This not only means that the available stock is reduced to zero, 
but also that the chances of natural rejuvenation are reduced. Inheritance may therefore 
create discontinuity in tree growing. 
The effect of renting and share-cropping on tree growing, however, is probably 
greater. In the in-depth farm survey there are two households cultivating rented land 
who expressed reluctance to grow trees on this land (K3, M9), because it was not clear 
to them whether they would still cultivate the land by the time the trees would become 
mature. Indeed, anywhere in the Gunung Sewu, large patches of lungguh are easily 
distinguished from the surrounding fields by their treeless appearance, as this type of 
land is usually leased. However, not all rented, sharecropped or borrowed land is 
necessarily treeless. There may be trees planted by the land owner. In that case, the 
cultivator is often not allowed to harvest the fruit or to cut the trees (K5, Ml0)26. 
26. Limited pruning for firewood is normally allowed. 
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With borrowing and renting land (also of lungguh) being most widespread in 
Mendak, this too may be an additional factor affecting the growing of trees in this 
hamlet more adversely than in the two other hamlets. 
7.6 Conclusion 
Undoubtedly, the growing of trees has assumed an important role in local farming 
systems and is now carried on by most farmers, albeit in ways that are different from 
those envisaged by the regreening campaign planners. The expansion of tree cultivation 
bears witness of the important role long term considerations have come to play in 
farmers' decisions. Tree growing has become most dominant in Legundi, where 
opportunities for marketing wood and charcoal are most favourable, and regreening 
efforts have enjoyed much support from the local village administration. In Kepek, tree 
planting, although no less vigourous, is mainly confined to the relatively spacious 
pekarangan, whereas the fields are more devoted to annual crop cultivation. Wood 
production is least sustained in Mendak. Here, a combination of factors seems to 
militate against intensive tree growing which stem from Mendak's marginal position in 
the study area and the extensive nature of its agriculture. However, the factors that have 
been suggested to account for the differences between the three hamlets are all directly 
linked with tree growing, but clearly a wider look is still required. This will be done in 
the next chapter, where an attempt will be made to draw a comprehensive picture of 
farming and land management in the three hamlets. 
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Chapter 8 
The household economy 
8.1 Introduction 
Aspects of the household economy have been touched upon by implication in previous 
chapters. Here, the household economy and its relationships with land use and land 
management will be dealt with more systematically. First, we examine how much the 
various farm and off-farm activities contribute to household incomes in the three 
hamlets, how much they did in the past and how the economic activities of households 
have intensified and diversified over time to varying degrees. It will be shown that 
households have become more successful in making a living as a result of these 
developments. The chapter will conclude with a discussion that integrates the main 
findings on changes in farming, land use and land management that have occurred over 
time, giving rise to a greater complexity and diversity of the household and farming 
systems. Before we can discuss the household economy as a whole, however, we need 
to have a closer look at yet another source of household income which has gained 
importance in recent years, i.e. off-farm employment and remittances. 
8.2 Off-farm employment and remittances 
The role of off-farm work and remittances has so far been left out of the discussion. 
Consideration of this aspect of the household economy is however important, fu-st to 
establish to what extent the population in the research area is really dependent on 
farming as its principal means of support, and second to determine to what extent and in 
what ways off-farm work supplements or interferes with farming activities, in terms of 
labour input and capital investments. 
Off-farm work is here defined as all income earning activities conducted by the 
members of a household outside their own farml. It may therefore comprise agricultural 
wage labour as well as non-agricultural activities. The latter may be performed at home, 
or elsewhere, in the village, the district, the nearby lowlands, or elsewhere in Java or 
Indonesia. Off-farm employment outside the villages usually involves a form of circular 
1. The farm as an agricultural production unit. 
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migration. Even if people have migrated permanently and can no longer be considered 
members of the household to which they once belonged2, they may still send 
remittances back to relatives who have stayed behind. 
Table 8.1 Types of off-farm activities and number of persons involved in the three study hamlets 
Activity Kepek 
males females 
Legundi 
males females 
Mendak 
males females 
Farm labour 
Construction/carpentry 
Quarrying 
Bamboo weaving 
Fishing 
Emping making 
Trade in agricultural 
produce 
Cattle trade 
Retailing 
Domestic servant 
School teacher 
Civil servant 
Minibus driver 
Massage^ 
10 
4 
2 
2 
1 
4 
1 
1 9 
6 
2 
1 
1 
Total 20 10 23 
Number of households 
receiving remittances 
Total number of 
households 
50 
18 
48 51 
Notes: ^ traditional massage: tukang pijit. 
Source: general household survey. 
In the general household survey approximately 50 per cent of the households 
declared that one or more of their members had been engaged in forms of off-farm 
employment during the preceding year or had received remittances (Table 8.1)-
2. The distinction line between circular and permanent migration is often difficult to draw. However, 
from the point of view of the present discussion the distinction is of marginal significance (see also 
Chapter 3). 
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Engagement in off-farm work, however, is likely to be under-reported3. The majority of 
people involved in off-farm employment are males. Households with smaller holdings 
tend to undertake such activities more often than households with larger holdings (Table 
8.2). Clearly, the latter are more capable of living entirely from the proceeds of their 
farms and also have less time to devote to off-farm work. The number of households 
with off-farm activities in Legundi appears to be smaller than in the other two hamlets, 
but the number of households receiving remittances is larger, with only a minority 
having income from both sources. This may suggest that the inhabitants of Legundi tend 
to seek employment more often well away from the home area than is the case in the 
other two hamlets. 
3. In the in-depth farm survey most households had in one way or another been engaged in various off-
farm activities, not all mentioned by them during the general household survey. I had a similar experience 
with research conducted on this subject in East Java (Nibbering and Schrevel, 1982). This problem is 
caused partly by the fact that households regard themselves in the first place as farmers and are reluctant 
to admit that they (have to) perform other activities as well. 
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Table 8.2 Number of households engaged in off-farm employment and/or receiving remittances, 
per landholding class (per cent) 
Land holding Farming Farming and: 
oniy 
Off-farm 
activities 
(0) 
Remittances 
(R) 
0+R 
Kepek 
< 1.00 (n=21) 38 52 _ 10 
1.01-2.00 (n=19) 53 32 11 5 
>2.00 (n=10) 60 20 20 -
Total (n=50) 48 38 8 6 
Legundi 
<1.00 (n=21) 29 29 29 14 
1.01-2.00 (n=19) 42 21 37 -
>2.00 (n=8) 75 - 13 13 
Total (n=48) 42 21 29 8 
Mendak 
< 1.00 (n=19) 58 32 5 5 
1.01-2.00 (n=15) 53 40 - 7 
>2.00 (n=17) 41 47 6 6 
Total (n=51) 51 39 6 6 
Source: general household survey. 
Agricultural wage labour is the most common form of off-farm employment, but 
least so in Legundi (Table 8.1). The use of wage labour for farming operations is said to 
have increased over time (see also Chapter 6). It involves men and women alike. Due to 
the low level of remuneration (Table 8.3), households with large holdings are usually 
not interested in performing wage labour for other farmers. Unlike many other parts of 
Java, males and females receive equal wages for the same type of work, such as 
weeding or planting. However, since heavier work like spading or terrace repair is 
better paid, men still earn, on average, higher wages than women. 
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Table 8 J Current wages and average returns of common off-farm activities in the area (Rp) 
Activity Wage/Net returns per day 
Weeding 500 
Spading 1000 
Terrace repair 750-1000 
Ploughing 2000 
Wood sawing village 600 
Construction village 1000 
Construction elsewhere 2000-2500 
Quarrying (calcite) 1000 
Bamboo weaving 500-1000 
School teacher 600-800 
Source: in-depth farm survey. 
Non-agricultural activities also involve economically stronger households 
especially in occupations with higher levels of remuneration. Opportunities to be 
engaged in off-fann employment are perceived to have increased over the last twenty 
years. Small government projects, the construction of schools, roads, house building 
and the like have created employment opportunities in the entire district. Small shops 
have emerged in the villages and various forms of assembly trade of agricultural 
products, wood, and calcite rock {watu lintang), in response to new or greater 
opportunities for marketing* these products, occupy an increasing number of people. The 
quarrying of calcite is a novelty in the area employing many people especially during 
the dry season^. Another new activity, notably in Legundi, is the preparation of emping 
mlinjo, as a commercial enterprises. 
Traditional activity, such as weaving bamboo baskets or bamboo walls (gedig) is 
still common. Bamboo items are still widely used and have not yet been replaced by 
4. Calcite is the crystalline form of CaC03 and is found throughout the Gunung Sewu at various places 
at or near the surface of the limestone rocks, where it is extracted manually by individual workers or 
gangs of workers with the aid of pick-axes, hammers and chisels. The produce is sold to assembly traders 
or directly to agents from the various industries who collect the material by truck. The mineral is used in 
the ceramics and paints industry and as an ingredient in chicken feed. 
5. Here, a number of women even took part in a special training course organized by the Department of 
Industry (Dinas Indusiri) and were given the necessary implements for the preparation of emping. 
However, the emping industry in the area is confronted with severe marketing problems, as most raw 
material from Gunungkidul district is transported to the lowland town of Plered in kabupaten Bantu!, 
where entire kampung has specialized in emping mlinjo processing. 
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city-based industrial products. In the memory of elderly persons non-agricultural 
activities have never been important in the area6. In the past pottery, clothing and farm 
tools were obtained, often through barter, offered at the local, periodical markets by 
traders from the Wonosari depression and the lowlands. Lime kilns, a regular feature in 
other limestone areas of Java, have always been absent from this part of Gunungkidul 
district due to its isolated location. 
Most of those involved in non-agricultural activities, however, work outside their 
villages, mainly in the building trade. Some are regulars, but a much larger number of 
men, particularly in Mendak, work outside the village only when they have to, for 
instance, during long dry seasons when crops have failed or the next cropping season is 
delayed, as occurred in 1982.7 Normally, they refrain from doing so in more auspicious 
years. 
If the heads of households perform non-agricultural activities, they normally do so 
on a part-time basis, dividing their time between these activities and farm operations. 
Adult sons or daughters on the other hand are also occupied full-time in non-
agricultural work, such as construction, transport, in factories or as domestic servants or 
street hawkers in the cities, often bringing back part of their earnings or sending 
remittances. People often work outside the village for periods, ranging between a few 
months up to several years before marriage. Most then return to the village, if they do 
not decide to settle permanently at the place where they work. A large number of 
respondents had, at some stage in their lives, and not only during the bagaber years, 
spent time working elsewhere in Java, or the other Indonesian islands. These forms of 
circular migration were not always economically motivated but also involved some 
desire for adventure or life experience (pangalaman). 
In as far as off-farm activities are performed on a pan-time basis, they tend to be at 
times and in such a way that it does not interfere with farming operations. The dry 
season, therefore sees a rise in people engaged in non-agricultural off-farm work in the 
hamlets, such as carpentry and quarrying. However, some persons find it rewarding to 
perform work in the building trade or quarry calcite rock throughout the year, leaving 
6. One u-adiiional activity which has disappeared is salt making on the coast (cf. Danes, 1910: 256), 
which was illegal in the colonial era, bccause salt production was a government monopoly. Also the 
birds' nest trade is no longer of any significance, but it has probably never been important in the western 
part of the Gunung Sewu. 
7. One woman commented: "we (the women of the village) felt like a bunch of widows {kabeh kdyd 
rdndd bae)" 
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most of the farming to their wives and children. These men often hire wage labourers to 
perform certain farm tasks, indirectly creating off-farm employment opportunities for 
others. It has been noted earlier that those farmers who spend a great deal of time doing 
off-farm work tend to have less hillside land in cultivation than do full-time farmers. 
Money earned with off-farm work or acquired through remittances is often reinvested in 
agriculture. In Kepek there were two cases in the in-depth survey in which land had 
been purchased with off-farm derived money. 
Generally, it can be said that households engage in off-farm activities primarily in 
order to supplement their farm income to a higher level, provided that they have the 
time. If off-farm work is sufficiently remunerative, regular off-farm workers may be 
able to pay for non-family labour, but this is not the rule. On the whole, off-farm work 
in or near the hamlets is therefore largely supplementary to farming in terms both of 
time spent and income generated. This subordinate role, however, can still turn into a 
critical one for a significant proportion of households in the event of an agricultural set-
back. Recent increase in opportunities for earning cash outside agriculture is in fact seen 
by many farmers as one of the reasons why conditions have improved in the area. 
However, long term circular migration of household members leave households with a 
smaller workforce; this may have contributed to the apparent increase in fallow land in 
recent years. 
8.3 Income and productivity 
The focus of the discussion will now shift to the household economy as a whole, to see 
how much the various pursuits undertaken by households add to their incomes and how 
much these pursuits require from their resources, particularly labour. Apart from 
looking at differences between hamlets as well as individual households, comparisons 
are also made with the results of an economic survey held among ten households in 
1938 and 1939 in the hamlet of Ngenep, also situated in the Gunung SewuS. This may 
provide indications of the extent to which conditions have changed over time. 
A note of caution on the methods and calculations underlying income and time 
figures in this study and the 1938/9 survey is necessary. In the present study, 
respondents were asked to estimate the total number of days spent on a certain activity 
8. This survey was held in conjunction with the Gunungkidul nutrition study (Insiituut voor 
Volksvoeding, 1941). 
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by each household member during one year, or if more convenient, per season or per 
month9. The 1938/9 survey, however, involved monthly visits to each household. Its 
results are therefore likely to be more reliable. A second caveat concerns the 
representativeness of the selected households in both studies for the rest of the Gunung 
Sewu, because study locations d i f f e r 10. However, despite these possible shortcomings, 
such a comparison may still prove to be illuminating. 
Income 
Present annual household net incomes! 1, including cash income as well as consumed 
farm produce, in the research area are low (Table 8.4). Sajogyo (1977) has set a 
minimum income level ('the poverty line') for rural households at 240 rice equivalents 
per person per year, which is the amount of money required to buy 240 kg of cookable 
rice. With a retail price of Rp 400 per kg, this amounts to a minimum income of Rp 
480,000 per year for a household consisting of five members (without making 
allowances for age differences). Average incomes barely exceed the poverty line as 
defined by Sajogyo. It has, however, been shown in the previous two chapters that 
most households attain a high degree of self-sufficiency with regard to fodder, 
firewood, construction wood and it will be shown below that this is also the case with 
regard to food. The average income in Mendak is lowest and highest in Kepek. 
9. Time spent in crop cultivation was most easily eslimated, but least so in off-farm work. Time spent on 
animal husbandry and wood and charcoal production also proved difficult as these activities are often 
combined with or are part of other farming activities. Per unit estimates (bunches of wood, loads of 
fodder) for these activities were derived from more detailed information obtained from a few respondents 
only, which were used to calculate the amount of time spent by the other households as well on the basis 
of the number of units collected. 
10. Ngenep (nowadays part of present-day desa Dadapayu, kecamatan Semanu) is situated in the eastern 
part of the region and the authors of the 1938/9 survey report expressed some problems with the average 
landholding size of their sample households. Although landholding size and family composition of the 
ten households were intended to be as much as possible in accordance with average conditions in the 
sample region, the average landholding size turned out to be much larger, 2.47 ha in the survey, as against 
1.53 ha in the hamlet as a whole (Instituut voor Volksvoeding, 1941: 46). On the other hand, an average 
landholding size of 2.47 ha comes closer to the average landholding for the Gunung Sewu as a whole at 
that time. The selection is therefore probably not so inappropriate after all. 
11. Defined as the difference between gross farm income and total farm expenses plus wage income and 
receipts from off-farm work. For the economic measures of whole-farm performance I have used the 
terminology of Dillon and Hardaker (FAO, 1980) throughout this thesis. Produce consumed by the 
households themselves has been valued at net selling prices (at the 'farm gate'). 
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H o w e v e r , i n c o m e d i f f e r e n c e s b e t w e e n h o u s e h o l d s are m u c h greater than b e t w e e n the 
h a m l e t s l 2 . 
Table 8.4 Annual total household net income (in Rp) and sources of income (in per cent), per 
hamlet, 1988/89 
Kepek Legundi Mendak 
Average income (Rp) 
- per household 
- per head 
Source of income (%): 
Crops: 
- Field crops 
- Garden crops 
- Fruits 
Wood: 
- Firewood 
- Charcoal 
- Construction wood 
Livestock: 
- Cattle 
- Goats 
- Other livestock 
Off-farm activities: 
- Farm labour 
- Non-agricultural 
activities 
- Remittances 
563,446 
121,174 
52 
5 
7 
10 
2 
1 
1 
16 
64 
13 
21 
534,087 
112,350 
30 
8 
13 
2 
7 
6 
15 
4 
1 
2 
11 
51 
15 
20 
14 
476,971 
103,422 
46 
7 
7 
18 
2 
2 
4 
7 
60 
22 
11 
Rent 
Source: In-depth farm survey. 
N o t surpris ingly, i n c o m e derived from crop produce m a k e s up the major portion o f 
the annual total h o u s e h o l d net i n c o m e (Table 8 .4) . It is largest in Kepek . Espec ia l ly in 
Legundi , a large portion o f i n c o m e is der ived from w o o d product ion, as w e l l as from 
the produce o f fruit trees w h i c h is a lmost entirely sold, o f f se t t ing l o w f i e ld crop 
12. Standard deviations of household incomes per hamlet range between 156,776 and 199,660, while the 
standard deviation of the three hamlet averages is only 29,502. 
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production. In Mendak and Legundi incomes from animal husbandry are higher than in 
Kepek, reflecting the larger numbers of ruminants in these two h a m l e t s 13. 
The 1938/9 survey found that 96 per cent of total income was derived solely from 
crop cultivation. Sales of livestock and its products accounted for three per cent of total 
i n c o m e 14 and only one per cent was derived from farm labour, the only form of off-
farm work then performed (Instituut voor Volksvoeding, 1941: 50). No mention was 
made of wood or charcoal selling. Total average annual net household income 15 was Rp 
58.52, the value of which is equivalent to the retail value of 900 kg of hulled rice or 170 
kg per person at the time (Instituut voor Volksvoeding, 1941: 32). The average total 
income minus value increase of livestock in the present research amounts to Rp 480,501 
which is equal to 1201 rice equivalents per household or 245 kg per person. In as far as 
the use of rice equivalents allows for income comparisons through time, income levels 
in the present study are higher by 44 per cent. 
Incomes have risen over the last 20 years, which has meant a great improvement 
compared to the conditions in the 1950s and 1960s, but perhaps less so when compared 
with the pre-war situation. Differences in crop productivity levels per hectare between 
the present study and the 1938/9 study, if calculated over the entire holding, are modest 
in both Legundi and Mendak. The differences for Kepek are much larger, probably 
because of higher cultivation intensities and higher yields presently found in this hamlet 
(Table 8.5). Unfortunately, no information is available on average cultivation intensities 
practised by the households in the 1938/9 survey. Only 33 per cent of the net value of 
crop production was sold in the 1938/9 survey, whereas in the present study this varied 
between 58 and 62 per cent (Figure 8.1). Adding the other, largely cash generating 
sources of income, the household economies found in the present study are more 
monetized. An average of 75 per cent of total household income is cash income, the 
remaining 25 per cent being subsistence income. In Ngenep this was 36 per cent and 64 
per cent respectively. 
13. Income from livestock has been calculated as: value livestock at time of survey plus value of 
livestock sold during the year leading up to the survey plus produce (eggs, dung etc.) sold during the 
same period minus value of livestock purchased during the same period minus value of livestock at the 
beginning of the year. As much as 46 per cent of income from livestock has been a mere increase in 
value, underlining the saving value of goats and cattle. 
14. Unlike the present study, the value increase of livestock was not incorporated into the calculations. 
15. In the study report income and prices were given in guilders (0- Since guilder (Dutch) and rupiah 
(Malay) were different terms for the same currency. I will only use Rupiah here (Rp). 
Table 8.5 Productivity of crop cultivation 
Kepek 
2 0 5 
1987/8 
Legundi Mendak 
1938/9 
Ngenep 
Gross value 362,776 272,587 288,021 56.18 
per household (Rp) 
I -andholding size 0.98 1.37 1.45 2.47 
per household (ha) 
Gross value per ha 
- in Rp 370,180 198,969 198,635 22.88 
- in rice equivalents 926 497 497 352 
Source: in-depth farm survey; Instituut voor Volksvoeding, 1941. 
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Figure 8.1 Proportion of crops sold per hamlet (per cent) 
Note: calculations based on aggregated market value at farm gate prices. 
Source: in-depth farm survey. 
Labour 
Total labour input per household does not differ greatly among the hamlets of the 
present study (Table 8.6). The total workload, however, seems to be significantly 
greater than in the 1938/9 study, and is probably borne by fewer people, as households 
are smaller. The amount of time spent on crop cultivation in Ngenep was larger than in 
the present study, undoubtedly because the Ngenep households had larger landholdings. 
Labour input per hectare, calculated over total landholdings, was much smaller. 
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Presumably more land was fallowed and livestock was not yet stall-fed. Nowadays, 
fodder collection takes up a large portion of family labour. Differences in labour 
pattems between the hamlets of the present study correspond to differences in income. 
Legundi farmers spend distinctly less time on crop cultivation than farmers in the other 
two hamlets, partly because its cultivated area is smaller than in the other hamlets and 
consists of proportionally more hillside land. They spend more time on animal 
husbandry and wood production. In the 1938/9 survey, a litde over two hours per day 
was spent on firewood collection. Collection of firewood in the present study, however, 
seldom takes up more than one hour per day, and usually much less, as it is often 
combined with other activities in the field. Possibly increased tree planting in the area 
has had a time-saving effect on wood collection. 
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Table 8.6 Labour inputs and labour productivity 
Labour input 
Kepek 
1987/8 
Legundi Mendak 
1938/9 
Ngenep 
Labour input per household 
(number of worlcerdays): 
- crop cultivation 
- animal husbandry 
- wood/charcoal for sale 
- firewood for own use 
- off-farm work 
- other 
Total 
Family size 
Family labour forced 
Workerdays per person 
Landholding size (ha) 
Workerdays per hac 
Productivity per workerday 
(Rp): 
- crop cultivation 
- animal husbandry 
- wood/charcoal 
- off-farm work 
Total^ ^ 
- in Rp 
- in rice equivalents 
384 66 
99 77 
6 
41 
51 
9 
591 
4.8 
3.4 
174 
0.98 
542 
960 
739 
1200 
1524 
1042 
2.6 
1 
4 
9 
2 
100 
285 48 
163 27 
59 70 
37 
50 
7 
602 
4.8 
3.6 
167 
1.37 
398 
1012 
568 
841 
1102 
957 
2.4 
5 
9 
1 
100 
381 62 
125 20 
28 5 
42 6 
37 6 
1 1 
622 
5.1 
3.3 
189 
1.45 
399 
785 
791 
750 
1169 
832 
2.1 
100 
423 
129 
552 
5.3 
2.46 
224 
0.13 
0.13 
2.0 
Note: ^ Crop cultivation, animal husbandry, wood and charcoal production for sale. 
^Persons aged 10 to 15 years and over 60 have been valued at half an (adult) family worker. 
Persons under 10 and people who are no longer able to work because of old age are not 
considered to be family workers. 
^ all farm activities, i.e. off-farm work and 'other' excluded, 
^firewood for own use and 'other' excluded. 
Source: in-depth farm survey; Instituut voor Volksvoeding, 1941. 
Labour productivity in crop cultivation is low (Table 8.6). It is highest in Legundi, 
largely due to the high value of perennial crops which requires relatively little labour. 
Expressed in rice equivalents, labour productivity in crop cultivation found in the 
present study is only slightly higher than and the 1938/9 study. From this it may be 
tentatively inferred that a productivity rise per hectare which is likely to have occurred 
over t ime, has hardly been accompanied by an increase in returns to family labour. 
Again , if these d i f ferences can be accepted, they suggest that present yields and yields 
in the 1930s were probably not much different , but that nowadays more labour is 
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required because of the greater importance of hillside cultivation which gives lower 
returns to labour than the cultivation of valley bottoms. Another, less likely possibiUty 
is that yields in the 1938/9 survey were below the present levels, but labour inputs were 
lower as well. Since we have no data on yields and harvested area for the Ngenep 
households, we can not verify these hypotheses. 
Present levels of labour productivity in animal husbandry is at the same level as 
crop cultivation in both Kepek and Mendak. In Legundi it is lower, largely because 
goats predominate here, which is less remunerative than catde. Legundi farmers are also 
more often engaged in gaduhan contracts and therefore receive relatively smaller 
benefits than farmers tending their own livestock. The sale of firewood compares 
favourably with crop cultivation, but charcoal making gives lower returns. Productivity 
levels in wood production between the three hamlets vary accordingly. The average 
labour productivity of off-farm work masks the great difference in remuneration 
between agricultural wage labour and hamlet-based activities such as bamboo weaving 
on the one hand, and most activities performed outside the hamlets on the other hand. 
Farm labour is generally rewarded at or below the level of crop cultivation, while wages 
earned in the building trade, especially outside the villages, are much higher. This 
explains the choice of a number of farmers who spend much of their time on these 
activities, leaving farming operations to other family members or wage workers. 
Differences between households 
Incomes and the importance of the various sources of income vary considerably 
between individual households (Figure 8.2). Comparison of Figure 8.2 with Figure 6.8 
shows that income from crop cultivation correlates positively with the area under 
cultivation, and thereby to some extent also with landholding. However, animal 
husbandry and off-farm work, and in Legundi also the sale of firewood and charcoal, 
contribute considerably to the incomes of most households, blurring income differences 
between households with large holdings and small holdings. The extent to which 
income is derived from off-farm work varies much more among households than it does 
for other sources of income. The role of remittances is generally small, but it does seem 
to have some importance for a number of households with small holdings. 
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Figure 8.2 Income levels and sources of income of individual households 
Source: In-depth farm survey. 
In order to examine how access to land may influence activity and productivity 
patterns of individual households, a comparison is made for each hamlet between the 
five households with the most favourable land endowments and those five with the least 
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favourable land endowments (Table 8.7)16. In the following discussion these categories 
will be referred to as large farmers and small farmers. 
Table 8.7 Family labour input and labour productivity for various household categories 
Kepek 
small large 
Legundi 
small large 
Mendak 
small large 
Labour input (worker days): 
Crops 329 429 198 344 345 483 
Wood/charcoal 6 5 36 82 22 34 
Livestock 114 84 101 224 114 136 
Off-farm 20 82 86 14 53 21 
Other 35 44 34 35 47 34 
Total 505 654 465 718 588 636 
Family workers 3.0 3.7 2.9 4.2 3.0 3.5 
Labour input per 
family worker 168 177 160 171 196 182 
Productivity (Rplworker day): 
Crops 805 1059 886 1138 729 941 
Wood/charcoal 1202 1189 799 858 743 752 
Livestock 673 805 480 638 853 729 
Off-farm 1005 1913 1241 917 1213 1125 
Total 851 1192 970 952 804 862 
Total net income 
(xlOOO Rp) 400 727 418 650 435 519 
Household size 4.0 5.6 4.8 4.8 4.8 5.4 
Income per head 
(xlOOO Rp) 100 130 87 135 91 96 
Source: in-depth farm survey. 
It appears that large farmers have higher incomes, not so much because they can 
work more productively, but because they can apparently perform more productive 
activities and also have a greater family work force to do sol7. Consequently, 
16. The order in which households have been classified, corresponds lo the one used in Figures 6.1,6.8, 
7.6 and 8.2, and is based on a combination of total landholding size and the proportion of valley bottom 
land. 
17. Various factors contribute to this phenomenon. Large holdings are often owned by households 
consisting of elderly couples who have not yet divided their land among their married children still living 
with them. Households with children also tend to hire more land than households without children (see 
also below). On the other hand, widows who continue their own small households (at most with one or 
two children) have often given their children all or part of the parental land holding (usually their 
husband's part). 
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differences in per capita income are less pronounced than differences in total household 
incomes. Particularly in crop cultivation, large farmers seem to attain higher labour 
productivity levels, although with the exception of Mendak, differences are but slight. 
These differences probably arise from the fact that households with large holdings 
cultivate relatively more valley bottom land. They also tend to use their labour more 
efficientiy, in that they plough their valley bottom land instead of tilling it manually, 
and make more use of hired labour, especially for weeding. There are no clear 
differences in levels of fertilizer use between the two groups of farmers. In Legundi, 
wood and charcoal production occupies large farmers for longer periods than small 
farmers. The activity is clearly not restricted to poorer households. The two household 
categories do not show clear patterns with respect to the other activities and their 
productivity levels. 
Activity patterns are also related to the life-cycle of the household. Households 
with young children, particularly school-going children, experience the greatest 
pressure to earn income. It appears that they tend to take up more additional activities 
and spend more time on them than households without school-going children (Table 
8.8). Households with school-going children, but not engaged in additional activities 
were apparentiy able to derive enough income from their regular farm activities: three 
had relatively much land of their own (Ml, M2, M3), and one spends much effort in 
raising livestock (K9). For the fifth household it has remained unclear how it made both 
ends need in the survey year (L6). Family workers in households with school-going 
children also spend more days working than family workers in households with no 
school-going children despite the fact that households with school-going children have 
on average more family w o r k e r s l S . Incomes of the latter tend to be higher, while their 
labour productivity is lower. 
18. The average number of family workers available to households vv'iih school-going children may in 
fact be smaller. The definition of family workers is based entirely on age, regardless whether or not the 
person was actually engaged in any family work. Some school-going children aged between 10 and 15 
years and counted as half an adult worker may actually have a much smaller share in the workload. This 
would mean that the burden for the other family workers would be even greater. 
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Table 8.8 Income earning strategies and annual income of households with school-going children 
and without school-going children, all hamlets 
No school-going 
children 
One or more 
school-going 
children^ 
Strategy 
Sale of wood, > Rp 50,000 1 4 
Off-farm work, > Rp 50,000 2 6 
Renting land 2 4 
Nonea 8 5 
Total 13 17 
Number of family workers 3.1 3.6 
Workerdays per family worker 170 196 
Household net income (Rp) 447,927 539,620 
Daygain (Rp) 8 2 2 7 8 1 
Note- ^ Households performing none of the strategies mentioned. 
^ Two households performed more than one strategy. 
Source: In-depth farm survey. 
All in all, it appears that households in the present survey are better off than those 
in Ngenep in 1938/9, but they have to work harder and their activities have of necessity 
become more diverse. This is particularly true of those households carrying the burden 
of raising children. It also seems that differences in income per head and labour 
productivity between individual households are relatively small, and probably much 
smaller than in more commercialized areas in Java. Not only differences in land 
ownership, but also differences in labour input are responsible for the differences in 
income levels between individual households. 
8.4 Household expenditures and welfare 
This section discusses in what way and to what extent households in the area meet their 
family needs and farming requirements, and it examines in particular what the effect of 
the various developments in the area has been on the general welfare of the people. For 
a comparison through time we will again make use of the findings of the 1938/9 
economic survey, as well as data from the nutrition survey held at the same time in the 
same area {desa Cuwelo). 
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The various sources of income tend to be used for different purposes. If crops do 
not fail, the households in the survey area can produce a large proportion of their own 
staple food needs from the land they cultivate. Nevertheless, more food is purchased 
than in the past (see below). Daily expenditures are paid with the receipts of the sale of 
small amounts of agricultural produce such as chillies, gaplik, fruits, chickens and daily 
wages earned with off-farm work. The groundnut harvest and the main cassava harvest 
at the beginning of the dry season provide people with cash for larger expenditures: to 
buy clothes, to pay for festivals, to buy cattle and the like. The raising of livestock and 
the growing of trees for wood production constitute the principal means of saving and 
are used for anticipated large expenditures as well as contingencies (Table 8.9). Cash 
for buying inorganic fertilizer may be derived from various sources, depending on the 
amounts needed. The sale of livestock, wood, charcoal, but also the proceeds of 
temporary off-farm work may all serve to bridge critical periods in agriculture, when 
they occur. People rarely invest in gold or jewelry and no one has a saving account. 
Most people consider themselves too poor for such investments. Although the village 
economy is much more monetized than fifty years ago, there is still some barter (urub-
uruban) in daily household t r a n s a c t i o n s l 9 and in transactions involving cattle and land. 
As has been shown in Chapter 6, the exchange of unpaid labour (sambatan) and 
payments in kind (bawon) is still strong as well. This situation indicates that cash is 
scarcer than elsewhere in Java. Yet farmers put great effort in raising their cash 
incomes, because the need for cash is pressing more than ever, as will be shown below. 
Table 8.9 Reason for selling cattle, goats, charcoal and firewood 
Expenditure Cattle Goats 
for: 
Firewood/ 
charcoal 
Food 4 2 4 
Renting/buying land 4 - -
School expenses 2 3 2 
House repair 1 1 -
Fertilizer - 1 -
Sambatan meal - 1 -
Slametan (ritual meal) 3 - 2 
Transmigration expenses 2 - -
Bicycle " 1 • 
Total 16 9 8 
Note: this question has not been asked to all respondents or for all items. 
Source: in-depth farming survey. 
19. Gaplek may be bartered for rice at local shops. The exchange rate of the two items, however, is 
determined by their respective prices in Rupiah. 
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In the present study, household cash expenditures appear to be much larger than 
those recorded in the 1938/9 survey (Table 8.10)20 However, barter and payments in 
kind have not been accounted for in the table. They must have been of much greater 
importance in the past21. 
Table 8.10 Household and farming expenditures 
Present research hamlets Ngenep, 1938/9 
Items/services Rp kg^ % Items/services Rp kga % 
Rice 53,467 134 12 Daily nutrition 8.76 135 43 
Gaplek 2,050 5 - Slametan 1.36 21 7 
Other foodstuffs 106,407 266 24 
Kerosene 19,563 49 4 Lighting 2.06 32 10 
Clothing 30,760 77 7 Clothing 2.51 39 12 
Transport 35,600 89 8 Housing 0.20 3 1 
Medication 4,667 12 1 Stimulants 0.82 13 4 
Education 47,071 118 11 Taxes, dues 2.17 33 11 
Boarding 27,800 70 6 
Festivals 29,364 73 7 
Other 48,000 120 12 
Fertilizers 21,692 54 5 
Farm labour 10,667 27 2 Farm labour 0.91 14 4 
T and rent 2,125 3 - Land rent 0.95 15 5 
Other 0.61 9 3 
Total 439,232 1098 100 Total 20.35 313 100 
Note: ^ rice equivalents. 
Source: In-depth farm survey; Insiiluut voor Volksvoeding, 1941, appendix IV. 
20. Here too, the results of the 1938/9 survey arc likely to be more reliable than the present study for 
reasons mentioned earlier. In the present study, not all expenditures were covered for each household. 
Therefore only the average budget is presented here. It appeared that this average budget exceeded 
average disposable cash income by 15 per cent. 
21. In the 1938/9 survey report no clear distinction was made between produce that was directly 
consumed by the household, stored for later consumption or used in barter, for payments in kind or as 
gifts. 
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In both surveys foodstuffs, including staples as well as condiments (bumbon), salt, 
sugar, baking oil and the like, take up more than one third of the total budget. The 
expenditures on l i g h t i n g 2 2 and clothing have increased. Dues and fees in the 1938 
survey consisted largely of pdldgdrd fees, now no longer required (see Chapter 3). 
Festivals, however, which largely correspond to the category slametan in the 1938/9 
survey still use up a significant portion of household budgets. These involve ritual 
meals held on the occasion of births and weddings. The most important hamlet-wide 
festival locally called rasulan which is held annually some time after the rice harvest. It 
requires contributions from the hamlet inhabitants in the form of rice and money to pay 
for the f e s t i v i t i e s 2 3 . Less important in the area is bakdd or riydyd, celebrating the end of 
the Islamic fasting month (pdsd)24. Various other contributions have been subsumed 
under the festivals heading. Households are expected to make contributions 
(sumbangan) in kind (usually rice) or money, when invited to a wedding, circumcision 
or a similar occasion. The land tax, still five per cent of the household budget in the 
1938/9 survey, has now become nominal only. 
However, new needs, or rather new forms of investment, have emerged. In 
particular, education consumes nowadays a great portion of cash incomes of most 
households. Virtually all children between seven and twelve in the general household 
survey attended primary school. Although primary education in itself is free, the 
associated costs bear heavily on household budgets in the area. They consist of 
registration fees, various uniforms, books, stationery and whatever extra fees or 
contributions are raised by school personnel. The costs involved in secondary education 
are much higher, also because children have to attend school outside the village, adding 
expenses for transportation, and often also board and lodging. It has often occurred that 
a harvest failure forced farmers to take their children from school, much to the 
disappointment (and embarrassment) of all involved. The distinction between 
households who are able to send their children to school and those who are not, is 
increasingly becoming a social distinction. Transportation and fertilizers also use up 
22. In the past various oils, waxes and resins were in use. Nowadays kerosene is used in various kinds of 
oil lamps, and occasionally pressure lamps by those who can afford them. At the lime of the present study 
no village in the Gunung Sewu was yet connectcd to the national elecuicity system run by PLN. 
23. This festival is also called bresih or bersih desd elsewhere in Java, its purpose is to cleanse ritually 
the entire hamlet community. The inhabitants partake of a collective ritual meal (slametan). Also 
offerings are made to the spirits of the founders of the hamlet {cikal-bakal). The rasulan of Mendak was 
celebrated in 1989 with a traditional puppet play (wayang/ringgit) paid for by the entire hamlet. 
24. Apart from the expenses for a festive meal, the people are then also called upon to pay \h<ifitrah, a 
contribution for the poor. 
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substantial portions of household budgets. Clearly, most of these expenditures are 
inescapable. In order to be able to support their families and to sustain their ways of 
farming, farmers have to secure sizeable cash incomes. 
Nevertheless, people in the area generally agree that, on the whole, their basic 
living conditions, comprising such matters as nutrition, health, education and 
transportation have improved over the last twenty years. Since malnutrition featured so 
much as a sign of the agricultural, social and economic break-down in Gunungkidul, 
some attention to the food situation seems warranted. Hunger oedema is no longer 
reported in the area and people generally look healthy. After a generations-long decline, 
rice consumption is said to be on the rise again, largely as a result of households buying 
more rice. Comparison of consumption data from the present study with results from the 
Gunungkidul nutridon survey confirms this increase (Figure 8 . 3 ) 2 5 . Concomitantly, the 
consumpdon of maize and cassava has declined. Households in the in-depth survey 
declared that nowadays, on average, one third of their daily diets consist of rice. The 
quantities calculated by subtracting sales from total production are in reasonable 
agreement with their estimates. Legundi households purchase the largest quandties of 
rice (65 per cent of total intake), as they are least self-sufficient in rice production, at 
least in the 1987/8 s e a s o n . 2 6 Households in Kepek and Mendak purchased 28 and 39 
per cent of their rice i n t a k e 2 7 . In all three hamlets only very small quandties of gaplek 
were purchased. Households in the 1938/9 survey bought only 19 per cent of their rice 
intake. The increased subsdtudon of cassava by rice has, despite the apparent reduction 
of maize, led to a greater protein intake by the population from staples. The increased 
25. Rice, maize and gaplek are mutually exchangeable as far as their energy values are concerned. See 
footnote 12, Chapter 2. 
26. Virtually all households in the in-depth farm survey would be self-sufficient in calorie supply, if Ihey 
did not sell part of their maize and cassava. However, they prefer to part with the produce of these staple 
crops and buy rice instead. In terms of calories this exchange in staples is very unequal. One has to sell 5 
to 10 kg of gaplek in order to be able to buy one kg of cookable rice. Evidently, people have to feel fairly 
secure to do this. In a bad year households have the option to resort to more cassava consumption and sell 
(or barter) part of the cassava crop to meet other needs. 
27. However, it should be borne in mind that households do not only buy cookable rice for their own 
consumption needs, but also for contributions (swnbangan) on festive occasions in fulfilment of their 
social obligations. They may have to buy rice to offer it to their guests at their own slametan, which are 
held at many an occasion, at births, circumcisions, when moving into a new house, before and after the 
rice harvest, or, to prepare meals for sambatan workers they might call in. Since much of this 
redisu-ibution of rice is reciprocal, households in their turn will also receive rice or rice meals in similar 
ways, so that eventually, these practices probably do not greatly alter the food consumption patterns 
described. 
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consumption of other protein-rich foods, such as tdmpe, probably also helped to reduce 
protein deficiencies which were so characteristic of Gunungkidul diets in the p a s t 2 8 . 
Cuwelo, 1938/9 Three hamlets, 1988/9 
• Rice 
• Maize 
H Gapiek 
165 kg per capita 187 kg per capita 
Figure 8 J Consumption of staple foods per person per year (per cent) 
Note:all foodstuffs in cookable condition; see Appendix 7 for conversion rates; for gapiek 80 % of the 
gaplik yield values have been taken to account for additional drying: cassava is usually dried twice: 
in the field for transportation and marketing and again at home for storage; the first condition is 
usually referred to as garing paser (dry for the market). 
Source: in-depth farm survey; Instituut voor volksvoeding, 1941: 15, table II. 
The seasonality of staple food consumption in which maize, rice and cassava 
dominate local diets consecutively, following the annual cropping sequence (Instituut 
voor Volksvoeding, 1941: 18), is also said to be no longer as pronounced as it used to 
be as a result of the increased consumption of purchased rice. More importantiy, it has 
made the paceklik a rare phenomenon for most households. Nevertheless, the 
households in the survey are not even close to achieving a complete rice diet; if this 
latter is not culturally and socially ideal to the older generation, who would not feel 
satisfied (wareg) on a mere rice diet, it certainly is for the younger generation. But 
28. People seldom ate meat. The consumption of meat (chicken, goat) was usually restricted to slametan. 
Other sources of animal protein (eggs, salted fish) were also scarcely eaten. The bulk of proteins was 
obtained from the suple crops and protein-rich vegetable foods (soybeans, groundnuts, pigeon peas), but 
the total protein intake was generally far below standard levels. The intake of minerals and vitamins, 
however, was much better due to the large consumption of vegetables by the people from an early age 
onward (Instituut voor Volksvoeding, 1941; Bailey 1961). Except for the noted increase of other protein-
rich foods, this dietal pattern is still much the same. 
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everyone feels embarrassed if one can only offer tiwul (steamed dish of pounded 
gaplik) to one's guests. Because rice is still in short supply, people have continued to 
give children, especially small children, more of it, a practice also reported in earlier 
studies (Instituut voor Volksvoeding, 1941: 38-41; Bailey, 1961: 225). The proportion 
of rice in the diets of adults is therefore below the household average. 
Principal among other basic needs is water. Supply was often very precarious in the 
past, especially during protracted dry seasons, causing the population to make 
enormous efforts to find w a t e r 2 9 . For many households this has now improved, as they 
have been able to build tanks for collecting rain water from the roofs, often with the 
help of outside expertise and funding (cf. Soedjarwo et ai, 1978). In Mendak a water 
pump installation has been constructed providing the community with water during the 
dry s e a s o n 3 0 . The improved water supply has rendered life more bearable and made 
more time available for other activities. 
Housing conditions are better than in many other rural areas, as farmers can use 
their own wood and can still rely to a large extent on unpaid labour from their 
neighbours for the construction of their houses. People take great pride in their 
dwellings and make use of any opportunity to improve them. Various city-based factory 
products have found their way into the area3l. Compared to other regions of Java, 
however, the houses are still sparsely and traditionally furnished, with most of the 
furniture made in the area. Virtually none of the households had their own means of 
transportation. While food is readily available, at least in normal years, cash is clearly 
still in short supply. One dukuh head commented: "we are rich and poor at the same 
time" {tiyang ngriki, nggih sugih, nggih mlarat). 
29. Traditionally, during the rainy season, the population of the Gunung Sewu use rain water for drinking 
and cooking captured in various kinds of vessels alongside their dwellings. In the dry season, however 
they cannot but rely on the water in the leldgd, many of which dry up as the dry season continues due to 
evaporation, leaking and use by the population. Most households would end up carrying large loads of 
water from distant ponds for many hours each day, or undertaking hazardous searches for water in caves 
and sinks. 
30. The water is tapped from a subterranean river where it emerges on the coast and pumped through a 
pipe leading inland with one distribution point near each settlement it passes. 
31. About half of the households in the general household survey had radios, but only two owned 
television sets run on batteries. One third had pressure lamps. 
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8.5 Changes in farming since 1970 
Some of the conclusions of chapters 6 and 7 and the previous sections may now be 
brought together, to build up a more comprehensive picture of recent changes in the 
farming system. Using the terminology of Ruthenberg (1980), it is possible to classify 
the farming system in the Gunung Sewu as a combination of permanent upland 
cultivation and a short bush fallow system. However, the complexity and variety of land 
use and land management in the study area is far greater than this simple description 
suggests. Agriculture in the area is characterized by the co-existence of such extremes 
as labour intensive crop cultivation and extensive land use; by a meticulous form of 
terracing side by side with fallowing; by a traditional cropping system in which modem 
off-farm inputs are applied; by a great drive to earn cash, but not at the cost of food 
security; by unpaid, reciprocal assistance together with paid farm work. Much of this 
complexity and diversity has come about as the response of a population under pressure 
to a changing society, economy and environment, described in chapters 3 and 4. Many 
practices and inputs in farming have changed but also much has been retained, and both 
aspects require attention. 
Land fragmentation has probably been limited over the last twenty years as 
population growth during this period has been minimal. While clearly demographic 
trends have not aggravated the pressure on land, other developments have played a 
much more active role in improving the living conditions of the population. It is 
therefore incorrect to say that migration, let alone resettlement as is sometimes argued, 
has been the foremost cause of the improvements in the area. 
The introduction of inorganic fertilizers accounts for most of the recent rise in 
yields in crop cultivation, although some of it has also been achieved by more elaborate 
farming practices and improved crop varieties. Hillside cultivation has also become 
more labour intensive, because of the cultivation of garden crops and meticulous 
terracing. The cultivation of steep hillsides, however, does not seem to have expanded 
very much and may even have declined during the last ten years because of labour 
constraints and tree growing. As a result, clearings are smaller, but cultivation periods 
are often longer, facilitated by the use of fertilizers. The returns to labour in crop 
cultivation are not probably far above pre-war levels, suggesting that, because of the 
recent rise in crop yields, productivity has only finally caught up with the gradual 
increase in labour inputs over this period. 
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In animal husbandry, farmers shifted in the 1960s and 1970s from grazing their 
cattle to stall-feeding and to growing fodder crops on farmland. In part this change has 
been a response to the general decline in fallow land in previous years, exacerbated by 
the spread of Chromolaena, tree planting and also labour constraints. Raising cattle and 
goats thereby became much more labour intensive, making it difficult for households to 
keep large stocks. Emphasis shifted from breeding to fattening with a quick turnover to 
secure high returns to labour. As a result, the bulls-cows ratio increased. Stall feeding 
led to a more efficient use of manure and to a more even distribution of ruminants 
among households, partly induced by cattle sharing practices. Increased cash incomes 
have also enabled farmers to buy livestock on the local markets. The adoption of more 
labour-intensive practices both in hillside cultivation and cattle raising would seem to 
have confronted households with large labour requirements despite reduced 
landholdings. These had to be met by a reduced family workforce as a result of family 
planning, migration, school attendance and off-farm employment and perhaps also 
changes in traditional labour institutions. Farm work has thereby continued to absorb 
household members to a large extent. 
The depletion of trees on farmland and on state forest land has eventually 
motivated farmers to start planting trees themselves so as to be able to meet their own 
needs and to obtain cash. It has become a self-supporting activity in areas where control 
over tree produce is now secure. Tree growing is most vigorously pursued as an 
additional means of support, where scope for the development of annual crop 
cultivation is most restricted and marketing opportunities for wood are best32. 
The above changes in farming were clearly made possible by various external 
factors, such as the supply of off-farm inputs, activities of the various extension services 
and marketing opportunities, as well as institutional changes. The most tangible and 
perhaps most decisive change in land management since 1970 has been the introduction 
of inorganic fertilizers. This has improved the food situation and ensured the production 
of a sizeable marketable surplus. The improved accessibility of the area facihtated the 
transportation of surplus staples and created more opportunities, fostered by growing 
demand from urban areas, for the marketing of traditional products, such as fruits and 
charcoal. It also created new opportunities for the sale of firewood, various garden 
32. The development of firewood production in those parts of Gunungkidul District that are closest to 
Yogyakarta City is in agreement with von Thunen's Isolated State, a model of the location of agricultural 
systems as a function of transport costs, production costs and product price relations. Although an 
extensive form of land use, forestry occurs close to the city in von Thiinen's model (von Thiinen, in: Hall, 
1966: 106-123). 
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crops and calcite. Raising livestock also benefited from greater contact with lowland 
areas. Here, increased income levels and perhaps also declining opportunities for raising 
cattle may have compelled lowlanders to seek Gunung Sewu farmers willing to engage 
in gaduhan contracts. It has now also become possible to import cattle fodder from the 
lowlands during the dry season. 
Opportunities for households to engage in off-farm work in their hamlets, or 
elsewhere, have also augmented the incomes of the majority of households. Off-farm 
work, however, has remained largely supplementary to farming in terms of interest, 
time and income. Only in a few cases in which off-farm work, more remunerative than 
farming, is available, does it absorb a minority of farmers for considerable periods of 
time, thus creating opportunities for farm labour in the area. As a result of greater 
opportunities for marketing farm products and to engage in off-farm work, farming has 
become more diversified and the range of household activities has widened. People now 
earn more cash. This flow of cash has monetised the household economy to a great 
extent, providing the population with money to buy farming inputs, such as inorganic 
fertilizers. Higher yields, tree growing, off-farm work and remittances have also made it 
easier to overcome periods of agricultural stress, not merely by filling a consumption 
gap, but also by allowing the population to retain its wealth (and health), including such 
productive assets as land and cattle. 
The spatial variation in the research area reflect the mechanisms of temporal 
change which are here discussed. Kepek and Legundi are more accessible and also have 
more dynamic village administrations. Both hamlets have been much more subject to 
change, each in its own way, than more isolated Mendak, where larger landholdings 
have permitted farmers to continue to farm in much the same way as in former times. 
Extensive land use, a weak village administration and the daily influx of nonhemers has 
made this part of the research area into a remote backwater of the Gunung Sewu. 
Agricultural stress situations are also most severely felt in this hamlet. Yet farmers seem 
to be least capable of overcoming these situations with their own resources. The lack of 
control over tree produce in this area, for instance, militates against tree planting. Tree 
planting is less sustained than in the other hamlets, and its potential as a back-stop in 
adverse times has remained underdeveloped. 
Although there are substantial income differences between individual households, 
differences in income per capita are smaller and the overall income distribution in the 
area would seem to be more even than in most other parts of Java. There are no 
indications that this is changing. No trend towards greater land concentration has been 
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noted, probably because the opportunities for lucrative agricultural ventures are very 
limited. The level of income is determined by labour input nearly as much as it is 
determined by the amount of land owned. Households with small holdings use their 
land most intensively, while households with greater needs tend to take up more 
activities in addition to crop cultivation on their own land. 
Despite the improvements, farming in the Gunung Sewu is still severely 
constrained by its physical environment, the lack of improved technology, the low 
market value of farm produce, marketing constraints, and an ineffective institutional 
framework for developmental efforts. These circumstances explain why many of the 
changes have only been partial. Farmers sdll earn low and irregular cash incomes, 
sometimes preventing them from purchasing enough fertilizer for their needs. Food 
security has therefore remained a major concern. Long dry seasons sdll pose great 
problems to households. Land use and land management have changed, and living 
conditions have improved, certainly when compared with the dismal conditions in the 
1950s and 1960s, but so have the needs of the population. In particular, schooling 
weighs heavily on household budgets. The question is whether the people in the area 
will be able to continue to improve theu- living conditions with the forms of land use 
and land management which have so far prevailed. In the next chapter we will deal with 
these long term trends, and with prospects in land use and land development, the 
stability as well as sustainability of the farming system. 
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Chapter 9 
Land use, land management and the environment: long term trends and prospects 
9.1 Introduction 
The last section of the previous chapter attempted to explain recent changes in the 
fanning system and to assess these changes in terms of the welfare of the population. It 
appeared that productivity levels in farming as well as living conditions in the area have 
improved. However, the question still remains to what extent recent developments 
enable the people to maintain and further improve their livelihood, with a tolerable level 
of risk, but without destroying the base on which their existence relies. To answer this 
question, the farming system in the area needs to be evaluated on the basis of a number 
of fundamental properties, for which we shall use the concepts, albeit sUghtly modified, 
proposed by Conway (1982: 5). 
For the people to improve their livelihoods, the productivity of the farming system 
needs to be increased in such a way that it results in higher net family income in relation 
to family labour. This should, however, not involve excessive risks. The system should 
therefore have a certain degree of stability, which requires a capacity to keep 
productivity relatively constant in the face of disturbances caused by fluctuations of 
climate and other environmental variables. The ways in which the population utilizes its 
resources should also be sustainable and should not lead to the destruction of the base 
on which its livelihood relies. Lastly, the fourth quality in Conway's scheme is 
equitability implying that the products of farming a system be evenly distributed among 
the people (Conway, 1982: 5; 1985: 35). 
In the next section we will first discuss the interactions between land use and soil, 
concentrating largely on the question of sustainability. Then we turn to the 
susceptibility of present land use to bio-climatological disturbances, which brings in the 
question of stabiUty. Lastly, the potential for a further increase in productivity and the 
connected issue of equitability will be examined. 
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9.2 Soil conservation 
The sustainability of a farming system is to be judged on the basis of the long term 
outcome of the interaction between natural processes, primarily in the soil, and human 
action through farming operations. In the absence of quantitative data, the following 
discussion will be largely qualitative in nature. Our point of departure is that 
sustainability is achieved if net degradation, that is a loss in the productive capacity of 
the land, is averted. This condition will be met if natural reproduction and the 
restorative management by the farmer outweighs or compensates for the effects of 
natural degrading processes and human interference (Blaikie & Brookfield, 1987: 7). In 
the following I will try to show in a qualitative way that less human interference and 
more restorative management (these two forms of action are not necessarily separable) 
have given natural degradation processes a much smaller chance. It will also be argued 
that management has neutralized some of the effects of former degradation, while 
perhaps at the same time also the capacity for natural reproduction has increased. In 
general terms, the productive capacity of land depends on the thickness and fertility of 
the soil. Land degradation is therefore seen as the result of net soil loss and net loss in 
fertility. Both phenomena can be caused by erosion. Erosion may occur under natural 
conditions, but may be greatly accelerated under human influence^. However, net loss 
in fertility may also result merely from the uptake of nutrients by crops. Net loss of soil 
is usually the most critical and least reparable form of degradation, and is of direct 
relevance to the shallow soils found on the hillslopes of the study area2. 
The present micro-landscape on the hillsides in the area has undoubtedly been 
shaped to a great extent by erosion. Erosion has a long history in the area and must have 
been substantial under recurrent fires in the past. According to Terra (1958: 173) the 
bad erosion conditions in the Gunung Kendeng, also on Java, and the Gunung Kidul 
may well be connected with systems of swidden cultivation in combination with 
extensive cattle raising originally practised in these areas. Danes at the beginning of 
this century already noted: 
"The surface is intensively dissected by karren which appear particularly 
nicely on hillslopes where the grass has l^en newly burned and the loam 
has been washed away somewhat" (Danes, 1910: 256; translation jwn). 
1 Throughout this discussion we will use the term 'erosion', without further qualifications, to indicate 
accelerated or anthropogenic soil erosion. 
2. A regional survey on maize cultivation along Java's south coast revealed that soil depth was the most 
important variable determining yields (pers. comm. Ir Hasim, Agricultural Service Gunungkidul District, 
Wonosari) 
225 
When farmers became aware of the damage caused by erosion they began to 
terrace their land, a practice which became increasingly more sophisticated and labour 
intensive over time. The fact that not only valleys and gentle, permanently cultivated 
steep hillslopes are terraced, but also intermittently cultivated hillslopes, shows that 
farmers are well aware of the detrimental effects of rainfall on the shallow soils, even 
within a single cultivation cycle, causing immediate harm to their crops. Without 
terracing, a few rain storms would wash off top soil high in organic matter which has 
accumulated during the preceding fallow period. Terracing of hillsides has therefore 
become an essential farming technique even in short term considerations. 
Evidence from other limestone areas in the larger Southeast Asian region also 
suggests that there is a tendency towards terracing associated with increasing population 
pressure on land, causing farmers to use their land more intensively. In some limestone 
areas in central Irian Jaya, for instance, small cross-slope stone walls were constructed 
to check soil-creep, which, however, had nowhere evolved yet toward full-fledged 
terraces (Brookfield, 1962: 248). In swiddens on East Sumbawa, loose stones were 
arranged into long narrow piles across the slope. These piles not only served to get the 
stones out of the way, but also to capture some of the soil washed down by the rains. A 
consequence of this practice is that some swiddens had a partially terraced look 
(Brewer, 1979: 95). This description corresponds closely to what terracing in the 
Gunung Sewu must have looked like early this century. In semi-permanendy cultivated 
cassava gardens in the same East Sumbawa area, people often went funher and built 
small rock walls to retard erosion. Over time, these rock walls had gradually created 
terraces (Brewer, 1979: 162). Finally, on Bali's southern limestone peninsula, the most 
densely populated area of our spectrum, permanently cultivated upland fields are all 
terraced with stone walls (Uhlig, 1980: 36). It would appear that when cuUivadon 
intensifies in limestone regions, terracing seems an obvious device on the shallow 
hillside soils, where building material in the form of loose stones or outcrops are 
abundant^. Nowhere does terracing appear to have required any instigation from 
outside. This is not to say that the recent, externally induced developments in the 
Gunung Sewu have been totally neutral in this respect: the introduction of inorganic 
fertilizers in the Gunung Sewu some 15 years ago gave the farmers an extra stimulus to 
keep their terraces in order as it enabled them to crop their intermittently cultivated 
3. This phenomenon is, of course, not confined to limestone areas. Pallc (1989: 61-62) mentions the 
laborious practice of building stone terraces in some highland areas in Java. Ossewaardc and Wellensiek 
(1946: 111-112) noted that, generally in Indonesia, terrace risers are fortified with stones in regions 
where labour is cheap and stones abundant. 
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hil ls lopes for longer periods. A p a n f rom extending and improving their terracing 
pract ices, the populat ion of the Gunung Sewu also no longer burn hillside vegetation to 
obtain young alang-alang shoots and no longer graze their cattle on the hillsides. All 
this mus t have considerably reduced erosion on the hillsides. 
Figure 9.1 Smal l patch of severely eroded land, Cikal , Kepek 
Photo : J . W . Nibbcr ing , March 1989. 
Sporadical ly , the degrading effects of cultivation without terracing can still be 
observed in the area on small, sloping, unterraced patches of land, located at the lower 
part of the hillsides, or on the saddles. These are usually smaller than 50 m2 and 
together they take up only a very small portion of the landholdings. Here, on these 
patches , the yel lowish-red subsoil is exposed on the sur face as a result of erosion, 
showing deep rills and small gullies (Figure 9.1). The soil does not support any 
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vegetation, not even weeds. Occasionally cassava has been planted on it, but their lean 
stalks and tiny leaves indicate that the plants are performing very poorly. These eroded 
patches contrast sharply with the immediately surrounding terraced area, where the 
level soil has a much darker colour, shows no signs of erosion and is planted with a 
mixture of crops which perform much better. According to the fanners, the eroded 
patches have never been terraced, probably because the land was already severely 
degraded before terracing was commonly adopted. These patches are often somewhat 
steeper than the immediate surrounding land. It can therefore be hypothesized that when 
terracing was not yet common, they suffered most from erosion. Lehmann (1936: 21) 
probably referred to similar sites, when he described natural 'steps' at the bottoms of 
the hills carved out in the soil. He also noted that, on these 'natural side terraces' as he 
called them, the soil had frequently become dissected into real badlands (sic) and to the 
formation of gullies (Racheln) . The accounts of Danes (see Chapter 5) and Lehmann 
suggest that in the past, the area showing signs of severe erosion (in the form of gullies) 
was much larger than it is at present, and, at the same time, that the population has 
gradually rehabilitated most of these badlands, leaving only the worst and least tractable 
patches of land unterraced4. 
Cultivation practices also help to contain soil erosion, although this seems to be 
merely an unintended but fortunate side-effect. Since hillslopes are hand-tilled, the less 
permeable pan developed under ploughing just beneath the tilled soil layer, is only 
weakly developed; this pan does not greatly reduce the infiltration capacity of the soil. 
Tillage is also done fairly roughly, leaving many small clods on the surface, thereby 
minimizing erosion damage (cf. Chopart, 1984). Broadcast rice on the valley bottoms 
and the lower and wider terraces on the hillsides quickly provides a ground cover. To 
the farmers, the prime advantage of this practice is that it helps to suppress weed 
growth, but the rapidly spreading vegetal cover also quickly diminishes the impact of 
raindrops on the soil. The random planting of rice, maize and cassava on the higher 
terraces of the hillsides may also be regarded as beneficial (cf. Gupta and O'Toole, 
1986: 189). Weed control is practised only three to four weeks after the emergence of 
the rice seedlings. This practice also checks erosion, apparently without decreasing 
yields (cf. Chopart, 1984). At the rice harvest, the straw is left in the field for some 
weeks, preventing direct raindrop impact on the bare soil, maintaining pore space 
4. These patches never occur on the higher and sleeper portions of the hillsides. Here, gullying was 
probably less likely to occur because of their high innitration rates, micro-relief and their short length. 
Terracing was probably also easier because of the possibility of incorporating limestone outcrops into the 
terrace walls, thereby increasing their stability. Outcrops are generally absent on the present eroded, 
unterraced patches. 
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continuity and reasonable infiltration rates. In addition this may perhaps also help the 
subsequent groundnut crop to develop an early ground cover by improving the soil 
moisture regime (cf. Gupta and O'Toole, 1986: 189). Intercropping with a fast growing 
crop like maize also provides early ground cover and mixed cropped maize and cassava 
have been found to allow less erosion than cassava alone (Lai, 1980). This too is 
common practice in the study area. 
As a result of terracing, more appropriate cultivation and cropping practices, 
erosion has been significantly reduced, but it has not halted altogether. Regular tillage, 
terrace building and repair obliterate most signs of erosion in the landscape such as 
small rills5. However, subtle indications that erosion still takes place, have been 
observed. Once exposed to the air, the surface of limestone rocks gradually grows 
greyish black within a year or so (see Chapter 4). The limestone outcrops in the area all 
have this colour, but white streaks at their base indicate that, here, the fresh rock has 
recently become exposed as the surrounding soil has been washed away. Most of these 
streaks (Figure 9.2) can be found on outcrops on lower terraces and along foot paths in 
valley bottoms6 where run-off concentrates during heavy showers. 
5. During rain sloims, small rills may develop at the base of limestone outcrops and tree trunks, caused 
by concenu^ated run-off. 
6. The valley bottoms themselves also show clear indications of erosion in the immediate surroundings 
of the sinkholes. Here, terracing is often inadequate and not maintained properly. Farmers feel that they 
can do little to check the concentrated run-off here. 
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Figure 9.2 A white streak on a rock outcrop indicating recent exposure as a result of erosion 
Photo: J.W. Nibbcring, March 1989, BaramS, Kcpck. 
T h e s e o b s e r v a t i o n s s u p p o r t the c l a i m s of o ld f a r m e r s that m a n y of the j a g g e d 
o u t c r o p s o n t h e h i l l s i d e s w e r e still c o v e r e d by soil in the i r y o u t h . A c c o r d i n g to the 
f a r m e r s , s o m e o f t h e s e f i e ld s c o u l d still be p l o u g h e d at that t i m e , but t e r r a c i n g w a s said 
to b e p o o r . It is t h e r e f o r e hard to a s s e s s to w h a t ex t en t b u r n i n g , i m p r o p e r t e r r ac ing 
t e c h n i q u e s a n d p o s s i b l y a l so p l o u g h i n g h a v e c o n t r i b u t e d to the p r e s e n t d e g r e e of 
o u t c r o p e x p o s u r e , a n d h o w m u c h e r o s i o n h a s o c c u r r e d de sp i t e the e l a b o r a t e t e r r ac ing 
t e c h n i q u e s p r a c t i s e d t o d a y . O n e of the p r o b l e m s wi th the p r e s e n t t e r r a c e s is that 
a l t h o u g h t h e y c a u s e m o s t of the r a i n w a t e r to in f i l t r a t e in to the so i l , r u n - o f f m a y still 
o c c a s i o n a l l y o c c u r , a l t h o u g h less f r e q u e n t l y than I h a v e o b s e r v e d in o t h e r a r e a s of J a v a . 
T h i s s u r p l u s w a t e r is not a d e q u a t e l y c o n t r o l l e d , b e c a u s e t he re a r e n o la te ra l d r a i n a g e 
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ditches alongside the base of terrace walls, or waterways. For this reason, run-off tends 
to concentrate at the lowest parts of the terraces where its flow may either be checked 
by the terrace edge, or it may gradually wash away the soil behind the terrace wall, 
eventually causing its collapse (Figure 9.3). 
/ / / 
side view 
/ / / / / 
f f ' / / 
Mm 
% 
Figure 93 Schematization of the process causing the collapse of terrace walls 
Source: Field observations. 
This damage is usually quickly repaired, but some soil material is lost to lower 
areas. Dames (1955) commenting on the terraces in the Gunung Sewu stated that: "... in 
itself these measures are inadequate under the prevailing climatic conditions with 
recurring heavy showers" (Dames, 1955: 131), and a local development project paper 
put it that: "...where these (terraces) exist, they are frequently not effective in preventing 
soil erosion and loss of fertility" (Bappeda, 1979: 12). Even so, the question remains 
just how inadequate is terracing. 
However, in the study area there are also processes at work which accumulate soil 
material and help to restore soil fenility. These include annual manuring of the land 
with compost, the addition of new material from up-slope following heightening of 
terrace walls, and the weathering of parent material originating from the scattered 
limestone outcrops and the underlying bedrock. The breakdown and incorporation of 
litter from fallow vegetation, however, is most likely the most important process in this 
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respect. Most farmers claim that the litter and the dead roots of Chromolaena enrich the 
soil with much organic material (lemi) and add also to its thickness (kanderp. In this 
respect, its litter production is believed to be superior to Imperata, and even to Lantana 
which also produces fair amounts of litter, as has been reported for other areas in 
Indonesia (cf. Brewer, 1979: 86). Soil samples taken in the study area confirm that 
organic matter, exchangeable soil nutrients, and the cation exchange capacity (CEC) 
increase substantially as a result of fallowing, and may even equal those found under a 
natural forest vegetation (Table 4.3). Soil structure and water holding capacity also 
improve under fallowing. 
Ash falls caused by eruptions of Mt MerapiS and other active volcanoes on the 
island have also regularly added mineral rich material to the soil. The most recent 
sizeable ash fall (udan wedi), still vividly remembered, followed an eruption of Mt 
Kelud in East Java in August 1951, and deposited a thick greyish white ash layer in the 
area9. Some farmers declared that these ash rains have led to a subsequent increase in 
their yields as a result of the fertilizing effects of the volcanic ash, others were rather 
skeptical about this or denied it altogether, stating that volcanic ash was sterile 10. 
Clearly, the effects would not become immediately noticeable because some weathering 
would be necessary to make plant nutrients available. On cultivated hillsides much of 
the structureless ash is also probably washed downslope into the valleys by rain. On 
fallowed hillsides, however, ash rains may be trapped by the vegetation. 
The previously discussed process to restore and increase soil depth may have been 
overlooked or underestimated by outside observers and commentators. The view of land 
7. Hcync, who wrote his work in the 1920s, makes no mention of Chromolaena odorata, as this shrub 
had not yet entered the agricultural scene. However, in his description of Chromolaena inulifolia (syn. 
Eupatoriim pallescens), a closely related species, he refers to the plant's great capacity to improve the 
topsoil of exhausted farmland because of its humus supply. Leaves were also used as green manure 
(Heyne, 1950: 1432). Bimanese farmers on Sumbawa practising a short fallow system also regard 
Chromolaena odoraia as a boon compared to Imperala because of its quick growth and large litter 
production (Dove, 1986: 180). 
8. Between 1950 and 1973, eruptions of Mt Merapi were accompanied no less than six times by ash rains, 
in 1953, 1954, 1967, 1969, 1972 and 1973 (Kusumadinata, 1979: 254-256). 
9. Forming layers of up to 2 cm according to some respondents. The ash rain reached as far as Bandung 
in West Java (Kusumadinata, 1979: 283). In the study area, it caused damage to the dry season tobacco in 
the fields. 
10. NoUceable effects on yields by volcanic ash rains have been reported in a highland village on Bali. 
Here, giant tubers of sweet potato were grown in the fields during the years immediately following an 
eruptjon of Mt Agung in 1963, but other crops performed less well than they had done prior to the 
eruption (Poffenberger, 1983: 136). 
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under cultivation, well-provided with terraces, is likely to leave the casual observer with 
the impression that this is a permanent situation. Once left fallow, the terraces are 
rapidly overgrown by shrubs and are no longer visible from a distance. Since field visits 
often do not include talks to farmers, this may lead to an unbalanced perception of land 
use in the area. An example may illustrate this point. During a series of orientation 
visits to the area, I started off at the head office of the agricultural service in Wonosari, 
and was told that fallowing no longer occurred in the Gunung Sewu. At the Panggang 
subdistrict office, one step lower and closer to actual farming practice, extension 
officers declared that fallowing only occurred along the south coast, and, finally, the 
village head of Girisuko (also located in Panggang, northeast of the subdistrict office) 
admitted that farmers in his village fallowed their land, but he added that it was only 
because, periodically, tree rotations caused too much shade for annual crops. I have not 
made further examinations in this particular village, but I am sure that the need to 
restore the productive capacity of the soil must be foremost on the farmers' minds when 
they decide to fallow their land. It may not be complete ignorance of agricultural 
officials which gives rise to this strong negative correlation between distance (both 
physical and hierarchical) and degree of familiarity with local farming practices. A 
certain dislike and disapproval of fallowing, perceived as a backward and wasteful form 
of agriculture, may also be involved. The result, however, is the same: both states of 
mind make it very hard to even consider the possible advantageous effects of fallowing 
on the soil. This example may also serve to show how perceptual biases, as described 
by Chambers (see Chapter 2), can influence one's understanding and appreciation of 
farming practices. 
The increase in trees growing on the hillsides has probably also had some effects 
on soil conservation or soil fertility levels. These effects are probably relatively small, 
except where they have led to prolonged fallowing of hillslopes. Farmers do not grow 
trees on their land with the intention of ensuring conservation of the soil. Trees may 
nonetheless have some stabilizing effect on the slopes, their crowns may reduce the 
kinetic energy of rain drops^. However, the overall canopy closure may not be large 
enough to have much impact. Litter production and panicularly root activity usually 
reach further away from the trees and their effects may improve soil structure and soil 
fertility. Trees with deep root systems are especially capable of bringing plant nutrients 
up from the subsoil to the topsoil through leaf litter (cf Werner, 1982: 77). However 
most trees now growing in the area have lateral root systems. The farmers usually work 
11. Rainfall on high canopies, however, can lead to very large drips that reach terminal velocity at a 
distance of 10 m. The kinetic energy expended is very great and erosion can be severe (G. Humphreys, 
pers. comm.). 
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the litter into the ground when they till the l^nd. Leguminous trees, such as tncinding 
jdwd, turi and Acacia auriculiformis also add nitrogen to the soil through nitrogen 
fixation (National Academy of Sciences, 1979: 165, 186). Although there is evidence to 
show higher nutrient status of soils, even under a vegetation that consist of somewhat 
scattered and isolated trees (Nair, 1982: 182), the effect of trees on soil productivity on 
intermittently cultivated hillslopes is probably slight compared to that of Chromolaena. 
The potential for reforestation, however, has undoubtedly proven to be greater than was 
assumed in even the recent past. The following statement about the Gunung Sewu may 
illustrate this: 
"The destruction brought about by the felling of the natural forests which 
would now have represented a considerable value in much needed 
timber and firewood, seems irreparable. Reforestation of these karst 
terrains will be very difficult, if at all possible, and natural reforestation 
will take a very long time" (Dames, 1955: 131). 
There is another side of soil erosion that tends to be overlooked: the accumulation 
of soil material on the valley bottoms. This must have occurred under natural 
conditions, but human interference has considerably accelerated the process. Probably, 
some of material eroded firom the slopes disappears directly into the sinkholes during 
heavy rain storms when most erosion takes place. However, colluvial material rich in 
plant nutrients originating from the upslope soils has undoubtedly enriched the valley 
soils and increased their depth in the past, and probably still does, though to a much 
lesser degree. Although perhaps not deliberately induced, in the past, this process was 
acknowledged to be a source of nutrients for cultivation of valley bottom soils before 
hillsides were terraced. Analysis of soil samples confirm this process as shown by 
higher clay contents and increased potassium and magnesium levels in the soils of the 
valleys in comparison to those on the hillsides (Table 4.3). Interestingly, farmers' 
assessments as well as the 1937 land classification map (Figure 4.12) bring out that 
narrow valleys tend to have the most productive soils. Since valley bottoms constitute 
the principal agricultural resource, a downward redistribution of fertile soil therefore 
has not been an entirely harmful process. 
Present erosion levels undoubtedly exceed natural erosion levels, prevailing under 
a natural tree cover. Likewise, present soil fertility levels can, without fallowing and the 
use of fertihzers, never attain natural fertility levels. However, the combination of 
terracing, cropping, cultivation and cattle raising practices as well as various natural 
processes, have acted together both to reduce and to repair the effects of soil loss and 
loss in fertility. The long term sustainability of farming in the area has therefore 
improved and is nowadays probably in a more favourable condition than it ever did in 
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the recent past. However, the question whether the cultivation of field crops on hillsides 
can be sustained indefinitely remains open. 
9.3 Droughts and rats 
Long dry periods and rats have caused the greatest environmental disturbances in 
farming and household economies in the study area. To the population the control of 
these phenomena is well beyond the power of human beings. Natural though these 
disturbances seem to be, the severity of their effects, particularly of rat plagues, is 
exacerbated by the ways people use their land and grow their crops. Not much has 
changed over the years to mitigate these disturbances. 
Farmers know very well that once in a while dry spells will affect their crops. 
Crops cultivated on shallow hillside soils with low water holding capacities are 
especially prone to water stress. For the household economy, the time of planting at the 
beginning of the rainy season is also of utmost importance, since too early or too late 
planting may have equally adverse effects. Farmers believe that dry seasons have been 
more severe and frequent in recent times than they were in the past. Their occurrence is 
said to have departed from a 'normal' pattern of one drought per windu (a period of 
eight y e a r s ) 12 The rainfall records available for the area, however, do not show such a 
pattern (see Chapter 4), nor is it clear that droughts have been on the i n c r e a s e l 3 . 
Possibly, people experience them more often and more severely, in various respects, 
through their impact on crop yields, household food supplies, water and fodder supply, 
than they did fifty years ago when population numbers were half those of today, and a 
shortfall in any sort of supply did not immediately reach critical levels. Nowadays 
households have to live from smaller holdings, practice more hillslope cultivation on 
shallower soils and put more effort into agricultural pursuits. An increase in 
climatological instability as a result of the predicted global warming might, in one 
interpretation, increase the frequency and intensity of long dry periods in the study 
12. The windu cycle is part of the Javanese-muslim calendar and it also plays a role in divination 
(Ricklefs, 1978: 234). 
13. Similarly, it is said in the area that theprandtd m^ngsd, the traditional Javanese farming calendar, has 
been disturbed and can no longer be adhered to. This may be more a way of expressing discontent about 
perceived increasing climatological irregularity. It is doubtful whether the calendar has ever been useful 
in the Gunung Sewu, as it is primarily connected with wet rice cultivation. 
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a r e a l 4 . Clearly, this would bear heavily on the existence of the population in the 
Gunung Sewu. 
Rat plagues form the major biological threat to crops grown in the Gunung S e w u ' 5 . 
Periodical rat plagues are not uncommon in areas where shifting cultivation is practised 
(cf. Robequain, 1952: 79; Ormeling, 1957: 111) and in Java rat plagues must have been 
well-known phenomena for a long timel6. A combination of environmental factors, 
land use and cropping practices in the area seem to be conducive to the survival of rats 
and generates the conditions that trigger off regular outbreaks. 
Food supply and predation are the two factors controlling rat populations. Field rats 
in Java feeding exclusively on weeds, green rice stalks, crabs and snails, can live for 
only a limited number of days; they need starchy food to keep themselves alive for 
longer periods (a normal life span lasts up to two years). To obtain starchy food, they 
attack all major food crops (van der Goot, 1937: 406; Soekama et ai, 1980: 39). Studies 
of rat populations conducted in the irrigated lowlands of Java indicate that the animals 
start to multiply when starchy food becomes available in the crop and they cease to do 
so after the crop has been harvested. In one year a rat population can increase 40 to 72-
f o l d l 7 . In the Gunung Sewu, all major crops produce foods attractive to rats and the 
cropping sequence enables rats to build up their numbers steadily as the wet season 
advances, shifting their attention from one crop to the other. However, since the total 
amount of food also grows as the season continues, the damage inflicted may remain 
proportionally small if the initial number of rats at the start of the rainy season is small. 
14. The more rapid melting of Arctic ralhcr than of Antarctic ice caused by global warming might shift 
the thermal equator north leading lo major weakening in the norlhwesterlies over Indonesia and West 
Melanesia (McGregor, 1988: 3). If so, this would generate the conditions for an island-wide dry event 
almost every year in N e w Guinea (Allen & Brookfield, 1989: 333), and it would most probably affect 
Java in a similar way. However, this is only speculation. 
15. In the field, farmers from Kepck and especially from Mendak would show me indignantly where rats 
had been active during previous nights, pointing out the deep burrowings around the cassava stalks, and 
the exposed and nibbled on roots. Unlike their more equanimous attitude towards drought, pests and 
diseases, farmers resent rats very much for eating their crops, as much as farmers would resent anybody 
who stealthily uproots their cassava for a noon meal. In the farmers' eyes, both are thieves. 
16. In Veth we read that Sunan Gunung Jaii endowed Raden Patah, to assist the latter in his attempt to 
overthrow the kingdom of Majapahil, with a coat of mail from which thousands of rats emerged during 
the batde (Veth, 1896, vol. I: 241). 
17. A female usually has two litters during the wet season rice harvest, producing 10 to 18 young ones at 
a time, and may have another two litters when a second starchy crop is grown during the dry season (van 
der Goot, 1937:408-410) . 
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In irrigated lowland areas flooding of the sawah reduces rat population 
significantly during the wet season, as this reduces their living space as well as their 
food base (Joosten 1938, 37; Seki, 1976: 24). Some adult rats manage to survive this 
period by raiding the houses in the villages (van der Goot, 1937: 406). Practically none 
of the fields in the valleys of the Gunung Sewu have standing water and rats can easily 
build large burrow systems here. Here, the dry season acts as the greatest check on rat 
numbers. Some adult animals probably stay alive in the same fashion as in the lowlands 
during this period, but the animals may also resort to left-overs of harvests in the fields 
and the late cassava plantings on the hillslopes. Unlike in the lowlands, their habitat is 
by no means reduced. However, if the dry season is short and wet, as was the case in the 
years preceding the two great rat plagues of the 1960s, farmers in the Gunung Sewu 
extend their planting activities as long as the rains continue. This may give rats a greater 
chance to survive the dry season. Consequently, their numbers will be abnormally large 
at the beginning of the next rainy season, which may eventually result in a plague 
during the subsequent cropping season. 
Even in years in which rat infestations are moderate, the animals can cause 
considerable damage to particular plots in particular areas. Substantial rat damage has 
been reported on fields where crops are at different stages of development, allowing rats 
to move from one field to the other (Joosten, 1938: 38; Wang 1976, 65-75). At the start 
of the cropping season fanners in the study area try to sow and plant their valley bottom 
land as quickly as possible. Planting on hillslopes, however, tends to lag behind valley 
bottoms, and generally planting spreads out over a longer period as the cropping season 
advances. Whereas rice is still harvested more or less at the same time, all other crops 
are harvested in a very uncoordinated fashion due to the use of varieties with different 
growing periods and extended harvesting. Clearings are made entirely on an individual 
basis, and there are no concerted efforts to ward off r a t s l 8 . Consequently, clearings may 
end up as enclaves in the middle of fallowed land, which render them an easy prey for 
rats. The last plots to be harvested run the highest risks of being ravaged by rats, as a 
large rat population often lingers on, even when its actual food base has already 
declined, because of lags on the impact of changing food conditions on birth and death 
rates (cf Marten, 1984: 100). 
The rocky terrain also makes it extremely difficult to eradicate rats. The limestone 
outcrops contain many holes and crevices providing rat harbours that are practically 
18. In East Sumbawa, for instance, farmers make their swiddens together in one block and defend them 
collectively against pests. To have no 'companion' may be a reason for someone to refrain from 
cultivating a particular piece of land (Brewer, 1979: 86-87). 
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impossible to eliminate (cf. Storer et al., 1962: 224). According to the farmers, the 
animals prove more harmful on hillslopes than on the valley bottoms. The large 
amounts of dense vegetation cover, and the relatively speedy recovery growth that 
follows efforts to clear the ground of vegetation also makes environmental control a 
difficult affair (Storer et al., 1962: 224). The general decline in burning fallow 
vegetation has perhaps improved rats' habitat (cf. Barbehenn, 1962: 163). 
Wildlife that can keep the numbers of rats down by preying on them, such as 
snakes, owls, and wild cats have declined drastically over time due to growing human 
pressure. This may have induced an increase in rat population levelsl9. However, some 
studies suggest that where a near continuous plant cover exists, the effect of predators is 
probably limited, as individuals from the adjacent plant cover will soon replace those 
removed by predators (Barbehenn, 1962: 165; Storer et al, 1962: 224). For the same 
reason, removal by trapping is deemed an ineffective means of control in a large 
continuous habitat. Yet this is virtually the only means available to farmers to rid 
themselves of the animals. The cost of poison proves prohibitive for most of them. 
Rat damage is clearly likely to be most important in an environment such as is 
found in the southern zone of the study area, explaining why Mendak farmers suffer 
most from rats.20 As long as crop cultivation is practised in its present form, rats will 
continue to be a major problem in the area. Adding the increased yield fluctuations in 
rice cultivation due to various pests and diseases and the sudden demise of Leucaena as 
a multipurpose tree, we may conclude that although the prospects for the ecological 
sustainability of crop cultivation has improved over the last twenty years, production 
has not achieved greater stability. Fortunately, having diversified their economies, 
households in the area are now better equipped to face the ecological disturbances in 
crop cultivation. 
19. The coupling of an upland rice agro-ecosystem wiih a secondary forest, at Mt Makiling, Philippines, 
had the positive effect of controlling rodent damage to upland rice because of the presence of civet cat in 
the secondary forest, which preys on the rodents (Sajise, 1984: 150). 
20. Rat plagues are perhaps not entirely harmful. Many farmers asserted that the yields of crops grown 
right after a rat infestation were exceptionally good. Perhaps the burrowing, excrements and corpses of 
the large numbers of rats during these plagues have a noticeable impact on soil structure and organic 
material content in the soil. 
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9.4 Prospects for increasing productivity 
Considering the limited extent to which new technologies have been incorporated into 
the present farming system, it would seem that there is still an enormous potential for 
the use of improved varieties, improved application of fertilizers, and forms of 
integrated pest management. However, much research is yet to be done on upland 
cropping in general and in particular on upland cropping in a limestone environment as 
found in the Gunung Sewu. It is therefore rather hazardous to estimate how much 
potential there might be for increasing crop productivity in the study area. At present, 
traditional varieties are grown which are generally tolerant of environmental s t r e s s e s 2 l , 
but whose yield potential is lower than that of modem varieties, the latter being 
developed for growing conditions found in irrigated lowlands. Until recently little effort 
has been made to improve upland varieties. Provided that suitable, high yielding 
cultivars and improved cultivation techniques will be developed for the uplands, it still 
remains to be seen whether farmers will be able to adopt them, considering the cash 
constraints with which they are faced, marketing problems and the large bio-
climatological disturbances to which crop cultivation in the area is exposed. 
Improvements within the existing system would appear to be more advisable than a 
major overhaul of the system. Currently grown crops and cropping sequences are well-
adapted to the environment as well as to the needs of the population. The cultivation of 
soybeans and groundnuts is often suggested as an altemadve for rice cultivation; 
however, both crops may pose serious problems to the farmers if grown during the 
height of the rainy season, due to water-logging and the occurrence of pests and 
diseases, especially with soybean (cf. MARIF, 1986: 36-37). Moreover, in the minds of 
the farmers, rice is still the prima donna among their field crops, playing an important 
part in social and cultural life22. Various horticultural crops, such as watermelons, 
eggplant, chillies and cucumbers could be grown in the area during the wetter part of 
the rainy season, but, apart from input problems, this may meet demand, handling and 
transportation constraints. Cassava will most likely continue to be a key crop in local 
cropping systems. Its drought tolerance, and resistance to pests and diseases, provide 
important elements of stability in the cropping system. Moreover, cassava probably also 
offers the best prospects as a cash crop. 
21. They have been tried out by farmers over a great number of years. 
22. This attitude however may change when aliemaiive crops prove to be able to produce large cash 
incomes. Wet rice cultivation in Java's highland areas, for instance, has declined when farmers found it 
more profitable to grow temperate vegetables instead (Nibbering, 1986: 119-120). 
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Research in various parts of Indonesia has shown that the overall productivity of 
traditional upland intercropping systems can be improved through a combination of 
interventions, such as the introduction of suitable varieties, improved timing, improved 
field spacing designed to reduce plant competition, an increased and more balanced 
application of fertilizers and pesticides23, the use of mulches to retard weed growth and 
to conserve soil moisture. Some examples of such systems are the mixed cropping of 
groundnut with maize in East Java (van Hoof, 1987), the mixed cropping of maize with 
mungbeans on the island of Madura (van Staveren et al.: 1983) and the intercropping of 
rice/maize/cassava/legumes at transmigration sites in Sumatra (various reports of the 
Central Research Institute for Agriculture (CRIA)24, in: Roche, 1984: 44-49). 
Assuming that cassava will continue to play a dominant role in local cropping 
systems, it is worthwhile to look into the potential of this crop as an example of what 
could be done to increase productivity in crop cultivation. Focusing on cassava also 
allows us to compare with and to draw from the results of the studies on cassava 
production in Java conducted by Roche, pardcularly since one of his study sites was 
located in the Gunung S e w u 2 5 (Roche, 1983 and 1984). 
Some improvements in cassava yields are to be expected from proper treatment of 
cassava cuttings prior to planting. Farmers already select their planting material 
carefully, but they do not treat cuttings with fungicides, and they store them under 
adverse temperature and humidity conditions for periods of two to five months. As a 
result, many cuttings fail to sprout and must be replanted. By treating cuttings, 
occasional shortages of planting material could also be prevented more easily. It has 
been shown that, under traditional farming systems, yields could be more than doubled 
by the use of disease-free planting material and improved cultural practices (MARIF, 
1986: 73). 
23. In order to avoid the enormous pest problems which have arisen from excessive and indiscriminate 
use of pesticides in wet rice cultivation in the lowlands (cf. Fox, 1989), forms of miegraied pest 
management need to be developed, based on biological means of pesi control wiih only a limited use of 
pesticides. 
24. Presently called Central Research Institute for Food Crops (CRIFC), Bogor. 
25. An agro-economic survey was held in 1980 among an estimated 30 households in Tepus Subdisuict, 
the next subdistrict to the east of the present study area (Roche, 1983: 5 0 , 6 8 ) . 
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The improved Indonesian Adira cultivars are not available in the area26. Local 
varieties, however, respond well to moderate fertilizer applications, so that the use of 
fertilizer can be profitable even at low cassava prices (Roche, 1984: 40). Possibilities 
for improving yields should therefore in the short run be sought primarily in better 
fertilization. Cassava has lower nitrogen and phosphorus requirements than rice and 
maize (Tables 9.1 and 9.2) and average application levels of urea and triple 
superphosphate on valley bottom land in the area seem reasonable for cassava27, but 
these fertilizer applications are chiefly aimed at and probably also absorbed by the rice 
crop. Cassava also requires much larger amounts of potassium than rice and maize 
(Table 9.2). Potassium might therefore be a critical factor limiting cassava yields. 
Fertilizer tests indicated high response to the application of K2O in Gunungkidul 
(Roche, 1984: 38). In the present study area, however, exchangeable potassium at least 
in valley bottoms was found to be moderate, whereas available nitrogen is 
comparatively low.28 Potassium is therefore perhaps not necessarily a critical factor in 
the study area. Local farmers have no experience with the effects of K-fertilizers on 
cassava production. These fertilizers are unknown and also not available to the 
f a rmers29 . 
26. Where they have been tested, however, the Adira cultivars have not always produced the highest 
yields in comparative trials with local varieties (Roche, 1984: 42). 
27. The recommended application is 75 to 135 kg N, 30 to 45 kg P2O5, and 50 to 100 kg K2O per hectare 
(Effendi, 1980). 
28. An amount of 0.33 me/lOOg of exchangeable K+, the average value found for valley bottoms (Table 
4.3), is equivalent to 128.7 mg/kg. A topsoil of 10 cm with a bulk density of 0.95 g/ml would therefore 
contain 123 kg of K per hectare (Agricultural Compendium, 1981: 106-107). This amount exceeds the 
annual amount of potassium removed by several times. Available niu-ogen, however, was found to be 
only 39 kg per ha. Roche conducted his study in the eastern part of the Gunung Sewu, and possibly 
Dames (1955) as well. Potassium levels are perhaps lower here which would be in line with the wider 
valley bottoms found in this area and a smaller impact of ash rains from Ml Merapi (see chapter 4). 
29. The application of K-fertilizers docs not appear to be part of the field recommendations made by the 
extension service to the farmers (cf. Diperta, 188: 73). Reasons mentioned by local officers were that it 
was not locally available; that it would not have much effect on local varieties, which is questionable in 
the light of the existing literature; and, that fertilizer recommendations were primarily aimed at the rice 
crop anyway. 
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Table 9.1 Soil nutrients removed by cassava, rice and maize (kg per ton harvested dry matter) 
Economic yield Total planta 
N P K N P K 
Cassava (unpeeled roots) 7.0 1.6 12.3 14.7 3.2 17.5 
Rice (milled) 9.6 2.2 4.4 18.6 4.3 21.8 
Maize (grain) 15.0 2.9 3.5 25.9 5.4 17.7 
Note: ^ total nutrients removed in stems, leaves and roots, or grain per ton of economic root or grain dry 
matter. Excludes roots in soil for rice and maize. 
Source: various sources quoted by Roche, 1984: 36. 
Tables 9.2 Total amount of soil nutrients removed (total plant) by cassava, rice and maize in the 
study area (kg/ha) 
Yield 
Valley bottoms 
N P K Yield 
Hillsides 
N P K 
Cassava 1800 27 6 32 1000 15 3 18 
Rice 560 10 2 12 230 4 1 5 
Maize 350 9 2 6 
Total 44 10 50 19 4 23 
Source: yields: in-depth farm survey (averages for the three hamlets; see Table 6.5); removal rates Table 
9.1. 
On hillsides, the application of all inorganic fertilizers would appear to be 
amenable to a productive increase, especially when the land is cultivated permanendy. 
The way in which fertilizers are applied can also be improved. Instead of broadcasting, 
farmers should incorporate the fertilizer into the soil, close to the base of the cassava 
plant for maximum efficiency (cf. MARIF, 1986: 75). 30 
An assessment of the potential for increasing the productivity of the cropping 
system in the Gunung Sewu was undertaken by Roche. Some of the relevant findings on 
farmers' practice from his study and those from the present study are presented in Table 
9.3. Cultivation practices and yields between the two study areas appear to be fairly 
comparable, the main difference being that in the present study hillside cultivation is 
more intensive. Based upon research undenaken by CRIA, current land use practices 
and apparent potential productivity, Roche made an estimate of the costs and returns 
30. It should be noted here, however, that farmers broadcast inorganic fertilizers, because inorganic 
fertilizers are primarily meant to benefit the rice crop. 
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under improved cropping practices. He assumed that on the valley bottoms, current 
practices were replaced by CRIA's intercropping system developed in Sumatra3l, and 
that on hillsides, the local intercrop varieties were given the same quantities of fertilizer 
as were then applied on the valley bottoms under current practices. 
Table 9.3 Inputs and outputs in cropping systems in the Gunung Sewu (per ha) 
Inputs and Terraced hillslopes^ Valley bottoms 
outputs 
Roche present^ Roche present^ 
1979/80 study 1979/80 study 
Labour use per 
season (days) 361 461 552 573 
Percent labour 
hired 6 5 15 8 
Bullock power 
(pair days) 0 0 28 12 
Fertilizer (kg) 
- urea 1 82 201 206 
- T S P 0 15 40 55 
- manure 174 754 3520 2056 
Non-labour cash 
costs (Rp) 3,500 25,784 59,200 92,849 
Production (tons)c 
- maize 0.11 0.18 0.35 0.35 
- rice - 0.11 0.46 0.83 
- legumes 0.20 0.08 0.58 0.49 
- cassava 2.27 2.30 6.90 4.86 
Total output 
value (Rp) 78,600 231,067 328,500 776,372 
Net income (Rp) 71,700 173,195 252,700 667,388 
Daygain (Rp/day) 207 396 488 1266 
Sample size 13 30 28 28 
Note: ^ Roche also distinguished a category 'unterraced hillsides', with a sample size of 4. This category 
has been omitted in the table. In the present study all cultivated hillsides were terraced; all 
calculations concern only hillslopes cultivated at the time of the survey. 
b Average of three hamlets. 
c For the present survey production figures refer to total production divided by total cultivated area. 
Since not all farmers grow all crops, production figures are therefore below actual yields, 
particularly on hillsides, li is not dear whether this is also the case in Roche's study. 
Source: In-depth farm survey; Roche, 1983: 64; Roche, 1984: 190. 
31. This entails inter alia the application of larger quanuties of urea and TSP, the application of 
potassium, the use of pesticides and suitable varieties for all crops (Roche, 1984: 45). 
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The increase of fertilizer on the hillsides produced only a modest increase in 
output, because of the constraint imposed by soil e r o s i o n 3 2 . The increase in output 
value on the valley bottoms was larger. The increase in net household income was 
calculated at 12 and 31 per cent for hillsides and valley bottoms respectively (Roche, 
1984: 46). The potential average cassava yield (fresh tubers) rose from the current level 
of 4.1 tons/ha to 6.6 tons/ha. Although this is a proportionally large increase, the 
absolute yield potential was deemed low compared to other regions due to agro-climatic 
constraints (Roche, 1984: 60). The increase in cash outlays required for these improved 
systems was 17 per cent for hillsides and 66 per cent for valley bottoms. From these 
calculations it appears that there is some potential for increasing productivity in crop 
cultivation. Not unexpectedly, it is larger for valley bottoms than it is for hillslopes. 
However increased productivity requires substantial cash inputs, which farmers may not 
be able to produce straight out of their pockets. Moreover, it is not clear what risk is 
involved in these improved cropping systems. Risks may deter farmers from applying 
the full amounts of fertilizer or from participating in credit schemes; when these 
calculations were made, fertilizer prices were sdll heavily subsidised by the narional 
government. These subsidies have now been r e d u c e d 3 3 . Consequently, the rise in net 
family income calculated will be smaller at present prices. Roche calculated that if the 
world fertilizer price were to prevail, the recommended applications of fertilizer for 
crop cultivation on hillsides would not be attractive (Roche, 1984: 54). 
However, these considerations do not necessarily prevent farmers from applying 
large amounts of fertilizer, partly because they consume part of their own produce, and 
it is cheaper to buy fertilizers to produce this food than it is to buy the food itself. The 
cash needed to buy fertilizers is partly derived from other sources, such as the sale of 
other crops or wood. This is particularly true in the case of rice c u l t i v a d o n 3 4 . Although 
this may be the case, it is sufficiently clear that the commercial prospects for increasing 
productivity of the traditional food cropping system on hillsides seem to be poor, even 
if farmgate prices can be raised through better transportation (which might be the case 
in Mendak hamlet). Since the level of domestic cassava prices is largely dependent 
32. Unfortunately, it is not made clear how this consiraini was assessed. 
33. The subsidies have been reduced more substantially for non-niu-ogen fertilizers than for nitrogen 
fertilizers (J J. Fox, pers. comm.). 
34. None of the rice crop is sold, so that all cash inputs for rice cultivation have to be derived from other 
sources. Furthermore, assuming that at least 60 per cent of all fertilizer applications benefits this crop, it 
appears that the amounts of fertilizer applied to rice are very high in relation to its yields. Theoretically, 
under such circumstances, farmers may go on adding more fertilizer up to the point that the cost of 
fertilizer added equals the gross replacement cost (i.e. the retail value) of the food crop produced. 
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upon its export price35, it is the world market which eventually determines to a great 
extent whether or not Gunung Sewu farmers can engage profitably in commercial 
cassava growing on their hillside plots. 
If the previously discussed improvements in crop cultivation were to be 
implemented, they would initially require great institutional effons, to test and adapt 
them and to deliver them to the farmers. Site-specific field trials would be needed to test 
the superiority of new varieties and to develop precise fertilizer recommendations for 
them. Special programs for the multiplication and distribution of seed or planting 
material of the improved varieties would be required. Local efforts would be necessary 
to demonstrate the pay-off that farmers can expect. Finally, special efforts may be 
needed to make potassium fertilizers available. The adoption of improved intercropping 
packages would require a considerably greater amount of farm-level assistance on the 
part of agricultural demonstration and extension workers than has so far been the case. 
While such efforts may be warranted for crop cultivation on valley bottoms, they 
are probably not so for crop cultivation on hillsides. Here, alternative crops or 
alternative forms of land use are perhaps more viable. There seem to be two basic 
alternatives which have already started to emerge in recent years. Both may have 
potential for further development. One alternative is that of intensification involving a 
shift towards more garden crop cultivation as is presently found on marengan clearings, 
including the cultivation of legumes, chillies, vine crops and tobacco. This will require 
higher labour and cash inputs, but it will give much higher returns both to labour and 
land. The heavy manuring and mulching of these crops will lend this form of cultivation 
a high degree of sustainability. Various constraints such as the shortage of cash among 
farmers for the purchase of seed, fertilizer and insecticides, inadequate pest 
management, and perhaps marketing constraints, would have to be dealt with in this 
type of cropping. The extension service would also have to pay more attention to the 
cultivation of these crops than in the past. 
A second alternative might be sought in the extensification of hillside cultivation, 
through the expansion of tree crop production. There may be some potential for certain 
hardy, drought-resistant fruit or nut trees, although the experience with fruit tree 
35. Export prices put a floor under domestic prices that is usually effective in the harvest season, when 
most producer sales are made (Unnevehr, 1984: 162). 
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planting on hillsides has so far been d i s a p p o i n t i n g 3 6 . The expansion of wood production 
may offer more prospects. In order to assess the possible income gains of full scale 
wood production on hillsides, the costs and returns of the present system are compared 
with the assumed costs and returns of a short rotation stand of Acacia auriculiformis 
(Table 9.4). 
Table 9.4 Production on intermittently cultivated hiilslopes: 1. current practice; 2. plantation of 
Acacia auriculiformis (Rp per ha) 
Inputs/ 
outputs 
Current practice 
(average three hamlets) 
Plantation of 
A. auriculiformis 
Seed/planting material 
Fertilizers 
Labour (workerdays) 
Gross output 
- field crops 
- garden crops 
- fruit 
- wood 
Labour (worker days) 
Gross output 
- wood 
7. cullivation period: 
4 years 
29,212 
67,956 
1901 
457,385 
382,769 
52,100 
68,466 
2. Fallow period: 
4 years 
45 
54,276 
8 year rotation 
Firewood Charcoal 
20,000 20,000 
864 2283 
857,143 1,600,000 
Total net income*^ 
Average annual 
net income^J 
Net incomc per worker day^ 
917.829 
114,729 
492 
837,143 
104,643 
969 
1,580,000 
197,500 
692 
Note: ^ labour costs not included. 
Source: sec text. 
36. A district-wide project in the 1970s aimed at popularizing the cullivation of cashew nut with outside 
funding reportedly failed. Poor performance of the Uee on the hillsides may have been one reason for this 
failure. 
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This comparison is limited to intermittently cultivated hillsides, because here field 
crop cultivation is likely to have the smallest potential increase in productivity. It is 
based on the assumption that four years of cultivation are followed by four years of 
fallow. Capital costs, labour input and yields are averages calculated over the entire in-
depth survey population. For the Acacia stand, a rotation cycle of eight years has been 
assumed, with a mean annual increment (MAI) of 10 m3 per hectare37. It appears that at 
present price levels, and by selling the wood as firewood, the average annual family 
income derived from the tree plantation matches that of the present cropping system, 
but labour returns are much higher. 
Firewood production to the exclusion of other crops is not attractive to fanners 
with small holdings, despite the higher returns to labour, because they aim at 
maximizing the income from their land, need to have enough labour to cultivate at least 
part of their hillside land, and must look after their subsistence needs. A combination of 
crop cultivation and wood production in which cropping is continued as under the 
current system, but with trees planted in the third or fourth year of crop cultivation and 
clear felling after five or six years (if the fallow period is not extended to allow an 
increase in MAI) would generate an increase in average net family income of about 30 
per cent. If the wood produced is converted into charcoal, the value thus generated 
would be twice its firewood value. It would, however, require ahnost three times as 
much labour, resulting in lower retums to labour, which may only be attractive to 
f a r m e r s 3 8 if other more remunerative pursuits are available. The sheer amount of work, 
however, may restrict charcoal burning activities. It is therefore not likely that small 
farmers will devote theu" hillsides entirely to charcoal production. Only farmers with 
large holdings or with other more remunerative activities can be expected to set aside 
portions of their hillside land exclusively for the production of wood, which they may 
exploit on a share-cropping basis, particularly if they wish to make charcoal. These 
patterns of hillside land use by households with large holdings are in fact already 
emerging. 
The above calculations suggest that there is still much room for increasing wood 
production, even in Legundi, where tree cultivation is substantial already. Although 
firewood in particular has found a ready market, a continued increase in firewood 
37. This assumption is based on the informalion that yields of Acacia auriculiformls are about 8 to 12 m^ 
per hectare on very poor or heavily eroded soils in Java (Wiersum and Ramlan, 1982: 140). 
38. Assuming that charcoal making cannot be made more wood-efficient or labour-efficient. Perhaps this 
may be achieved by using larger stacks. 
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supply may eventually depress market prices. However, this may not necessarily 
weaken the farmers' interest in wood production. On the contrary, the good marketing 
opportunities offered by a great number of traders attracted by the large wood supply 
might motivate farmers to intensify their wood production. In Gunungkidul district 
firewood prices are lowest in its northwestern comer, close to the city of Yogyakarta, 
but turn-over is also the largest here (Ellenbroek, 1988: 34). Income from wood 
production would dramatically increase if farmers were able to sell timber wood on a 
regular basis and on a large scale. This should perhaps require more organized forms of 
trading than the present often haphazard, collecdon of bundles of firewood along the 
roadside. Wood quality, the present infrastructure, the scattered location of a large 
number of small wood lots owned by nearly as many farmers and the prevailing 
regulations on wood exports from the district, however, may prove to be considerable 
impediments to the sale of timber in the study a r e a 3 9 . 
In animal husbandry, the largest gain in productivity is likely to be made by raising 
the quality of stock rather than by increasing the number of animals per household, as 
fodder scarcity during long dry seasons may force households to sell their animals at 
very unfavourable prices. To that end, breeding practices, feed quality, feeding and 
watering practices as well as health care should be improved. This will require more 
intensive extension efforts, with programs on such matters as stable improvement and 
intensification of fodder crop cultivation. An increase in food crop producdon may add 
to the supply of livestock feed, especially during the dry season. To ensure that the 
benefits of livestock intensification programmes do not only accrue to those households 
who ah-eady tend livestock, cattle or goat rotating schemes should be set up enabling 
also other households to obtain livestock, if they are incapable of doing so with their 
own resources. 
However, one immediate prerequisite for the achievement of increased productivity 
in farming would be a further improvement of the physical infrastructure, particularly, 
in Mendak hamlet, poor roads connecting this hamlet with the outside world have 
inhibited the acdvities of extension agencies and have also constrained marketing 
opponunities for farm products. Another essential condiuon for further development 
would be the strengthening of the capacity of those institutions which play crucial roles 
in local development, panicularly the extension agencies, but perhaps also the village 
administrations. The differences noted between the village administrations of the three 
39. In certain parts of Gunungkidul disuict, timber sales to urban markets have proved to be possible. On 
a U-ip in the western Batur Agung range, I met several farmers who regularly sold considerable amounts 
of sdnS keling to a cabinet-making business located in Surabaya. 
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hamlets, with respect to their roles in the regreening campaigns (see Chapter 7), suggest 
that the way in which they function may impinge significantly on local development. 
9.5 Conclusion 
It appears that the farming system properties proposed by Conway are useful concepts 
in evaluating change and prospects in Gunung Sewu farming and land management, 
particularly in relation to the environment. The sustainability of crop cultivation in the 
study area has increased over time. Elaborate terracing and various cultivation practices 
have curbed major degradation processes and, along with the use of fallowing and the 
application of inorganic fertilizers, serve to keep degradational effects at a much 
reduced level, sufficiently low to maintain the present productive capacity for a 
considerable time to come. The application of inorganic fertilizers in crop cultivation 
and the successful planting of trees have revealed that damage inflicted to the 
productive capacity of the land has not been as great and irreparable as had often been 
assumed previously. Cropping in the area, however, will continue to suffer from bio-
climatological disturbances, aggravated by the nature of the system itself, but also by 
recently introduced external factors (in rice cultivation). The need for the more stable 
elements of the farming system or off-farm work to absorb these disturbances, will 
therefore continue. 
There is a potential for the improvement of field crop production on valley 
bottoms, which could be achieved with higher cash inputs, that might expose farmers to 
greater financial risks. The possibilities for increasing the productivity of field crops on 
hillsides appear small. Here, expansion of garden crop cultivation may be an alternative 
avenue to achieve higher incomes for hillside cultivation in combination with man-
made tree fallows aimed at the production of firewood, charcoal and perhaps timber for 
sale. Efforts aimed at the productivity increase in crop cultivation will require further 
improvement of infrastructure, of marketing opportunities and the performance of local 
institutions. Especially if the scope for intensive garden crop cultivation proves to be 
small, the opponunities for increasing farm income as a whole will most likely favour 
households with large holdings, with relatively large valley bottom land holdings, and 
those having access to remunerative off-farm work. This may result in declining 
equitability. 
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Chapter 10 
Conclusions 
10.1 Introduction 
In chapter 2 four operational questions were formulated. These were: 1. To what extent 
has land degradation occurred in the study area and what has caused it? 2. Have 
changes in political, social, and economic conditions since the mid-1960s enabled 
farmers to counteract processes of land degradation with more success than 
previously? 3. Have farmers been able to improve their living conditions, as a result?, 
and 4. Has farming become more sustainable? These questions were meant to produce 
the kind of data required to answer the theoretical questions posed in Chapter 2. The 
latter concerned the validity of theories, assumptions, and the criticisms invoked by 
them, regarding the interrelationships between poverty, population pressure and land 
degradation. The conclusions of chapters 5, 8 and 9 have already sufficiently answered 
the three operational questions. Rather than to reiterate these conclusions in the same 
form, the material will be reorganized and its theoretical relevance discussed. But first it 
needs to be established to what extent findings in the research area are due to 
exceptional conditions not generally found elsewhere in upland areas. 
10.2 A deductive approach to Gunung Sewu farming density and intensity 
In some respects the Gunung Sewu differs substantially from other upland areas in Java. 
Although marl and limestone hill complexes are common in Java (see Ch. 2), nowhere 
have karst features developed so extensively as in the Gunung Sewu, causing extreme 
limitations on water availability. It could be hypothesized that the scarcity of this 
resource has been an overriding factor in causing people to keep population numbers at 
a low level through a balance between immigration and emigration. Consequently, the 
land-man ratio in the area under the prevailing productivity levels of the land has 
remained more favourable than elsewhere. The fact that farmers still fallow their land, a 
practice which has disappeared from most other upland regions in Java, seems to 
support this hypothesis. Hence, it might follow that when they had a chance to do so, it 
did not take much for the local people to improve the productivity of their land, to grow 
fodder and to plant trees. 
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However, it is not very likely that water supply for domestic use and for use by 
cattle has been of overriding significance in checking population densities in the area. 
Acute water scarcity has never occurred, as water has always been obtained from ponds, 
sinks, caves and subterranean streams emerging on the coast. Within the Gunung Sewu, 
there is also no spatial correlation between water supply and population density. 
Population densities in the subdistrict Rongkop and Tepus in the eastern part of the 
Gunung Sewu, which have always been hardest hit by long dry seasons, are not lower 
than in the two wetter subdistricts Paliyan and Panggang, which make up the present 
study area (see Chapter 4). 
If recurrent water scarcity for domestic use has apparently not been a prime factor 
causing the low population densities in the Gunung Sewu, the question still remains 
whether the prevalence of large landholdings has not given Gunung Sewu farmers a 
better resource base, compared to other upland regions in Java. To answer this question, 
not only landholding size, but the quality of the land needs also to be taken into account. 
It has been pointed out earlier that the relatively large landholdings in the study area 
compensate for the absence of sawah found elsewhere and the marginality of hillside 
land. The enormous fluctuations in yields also require larger holdings so as to enable 
farmers to produce reserve food, which they still did in the 1930s. The practice of 
fallowing may also be misleading, because fallowing does not necessarily reflect an 
abundance of land. The great difference in quality between valley bottom land and 
hillside land induces farmers to apply proportionally more manure, inorganic fertilizers, 
or both, to valley bottom land than to hillside land. This is illustrated in Figure 10.1 
which gives two simplified hypothetical production functions for valley bottom land 
and hillside land respectively!. 
1. The functions have been simplified in assuming that the first unit of fertilizer applied achieves the 
highest marginal product, whereas in reality, the production functions probably have S-curves. 
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Product ion 
(kg) 
Pvtot 
Pvopi 
M2Px 
valley bcuom/dry land 'x 
Phopi - -
Fhopi 1 / 2 F I 0 1 Fvopi Flol 
Fertilizer applied (kg) 
Figure 10.1 A hypothetical model of optimum fertilizer use 
a. on a plot with 0.5 ha valley bottom land and 0.5 ha hillside land 
b. on a 1 ha plot of homogeneous dry land 'x' 
Explanation: 
Ftot = total fertilizer available 
Fvopt = optimal amount of fertilLzer on valley bottom land 
Fhopt = optimal amount on hillside land 
l/2Ftot = optimal use of fertilizer on 0.5 ha of homogeneous dry land 
Fhopt + Fvopt = Ftot 
dPhopt dPvopt 
dRiopt dFvopt 
Let us assume that a farm holding consists of half a hectare of valley bottom land 
and half a hectare of hillside land under permanently cultivated conditions, each with its 
own production function. The response to fenilizer applications on hillsides is much 
lower because of the shallowness of the soils, leaching and erosion. The figure shows 
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that fertilizer use is optimal (i.e. achieves maximum production), when the marginal 
product on valley bottom land equals its marginal product on hillslope land. This is 
achieved in VOPT and HOPT respectively. The farmer should therefore apply the bulk 
of his fertilizer to his valley bottom land, leaving only a small quantity for his hillside 
land. Evidently, It would be hardly worthwhile to spread out this small quantity over the 
entire hillside section, because labour and capital inputs would be disproportionally 
high in relation to crop output. Therefore, it would be wise to concentrate the use of 
fertilizer on one portion of the hillside section, if at all, and apply a fallowing regime to 
the rest. 
If the same quantity of fertilizer were available to a farmer cultivating a one 
hectare holding of homogeneous dryland 'x ' , with a production curve similar to that of 
valley bottom land2, he would use his fertilizer optimally if he spreads it evenly over 
the entire holding. He is more likely to do so because the production thus achieved 
compares more favourably with the amount of labour and capital inputs this would 
require. Therefore, two landholdings of the same size may be cultivated differently 
because of internal differences in land quality and a the imposition of fertihzer 
constraint. This example also shows that fallowing is not necessarily associated with 
one particular stage in Boserup's scheme of agricultural intensification driven by 
population growth. It can rationally also occur under demographic conditions which 
might lead to a more intensive form of cuUivation, if the environment were more 
favourable3. In the Gunung Sewu this has created the distinctive combination of low 
land use density (not all land is cultivated simultaneously) with high land use intensity 
(land under cultivation is used intensively in terms of inputs). 
Nevertheless, it cannot be denied that because most Gunung Sewu farmers hold 
land in reserve, they have more room for expansion and greater flexibility both for 
themselves and for newcomers. This explains why as late as the early 1950s people still 
moved into the area, responding to a lack of opportunities elsewhere either in 
agriculture or in the non-agricultural sector. This influx was at last reversed because of 
the great disturbances affecting farming in the area and a mounting incapacity to deal 
2. For ihc sake of comparison, a third production function has not been introduced. The production 
funcuon for valley bottoms has been chosen, assuming that productivity of drylands elsewhere in Java 
comes closer to condiuons in the valleys of the Gunung Sewu than on its hillsides. However, any other 
production curve could be used for this purpose, of course. The idea behind the model would remain 
unaffected. 
3. Farming in the Gunung Sewu is of course not unique in this respect, as combinations of intensive and 
less intensive forms of dry cultivation within one single farm system are known from various areas in the 
Southeast Asian region (cf. Vink, 1941: 154; Vink, 1946: 281; Terra, 1958: 174; Brewer, 1979: 86, 159). 
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with them. Nowadays, the area no longer attracts migrants. Instead, out-migration 
predominates, as better, alternative opportunities to make a living are perceived to be 
occur outside the area. The apparent increase in fallow land in recent years bears 
witness to this trend. It can therefore be concluded that landholding size and fallowing 
practices do give the population some flexibility in land use not encountered in other 
upland areas, but they primarily make up for the particularly adverse bio-physical 
conditions in the area. Perhaps only in one respect has the environment been 'lenient' to 
its inhabitants, in that it provided the material needed for building terraces. 
The Gunung Sewu, or rather Gunungkidul district as a whole, may be thought of as 
an exceptional area in yet another respect. It seems that the district as a whole has a high 
profile among the population of Java, in government circles as well as in the media. 
This can partly be ascribed to the long-standing poverty of this drought-stricken area 
and partiy also to politico-historical factors, two of which may be noted here. One 
concerns the support which the population gave in Indonesia's struggle for 
independence^, and the other the large support for the PKI in the 1950s and early 1960s, 
which must have made the New Order government particularly concerned with the 
eradication of poverty from this and similar areas. Hence it is often alleged that the 
government, and also various non-governmental organizations, have put more effort in 
the fields of physical infrastructure, drinking water, regreening, family planning, 
transmigration, health and education in Gunungkidul District, as opposed to other areas. 
Apart from general policies such as cheap fertilizer supplies, which have affected the 
whole of Java, the role of the government has clearly been a very important one at both 
village and regional level. This does not interfere with the hypothesis, because it is 
partly these direct interventions that have caused the changes in the economic and social 
conditions under which land use and land management in the research area have 
developed. Improvements in infrastructure, health, education, agricultural production 
have also been reported for other upland areas in Java, but the extent to which the 
district has been subject to these interventions may differ from other upland areas. 
Though there may be differences in degree, Gunungkidul district is certainly not 
exceptional. 
4. When during ihe national revolution General Sudirman escaped from the city of Yogyakana in 
December 1948, after it had been taken by the Dutch colonial army, he moved with his small guerilla 
force across Gunungkidul, where he received much support from the local people. Another event still 
remembered was the Dutch bombing of Wonosari in March 1949, which caused many casualties. 
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10.3 Theoretical implications 
I will now examine to what extent and in what respect the findings of the present study 
support or deviate from the general ideas and assumptions, set forth and questioned in 
Chapter 2, concerning the links between poverty, population pressure and land 
degradation in Asian upland areas. The discussion will start off with the problems 
involved in evaluating the changes brought about by human use of the natural resource 
base. Then I turn to an assessment of the capacity of managers to adjust the 
management of their resources, and finally, to the relationships between land 
management and agricultural change. 
Changes in the natural resource base 
The natural resource base, land and vegetation, in the Gunung Sewu has been 
transformed radically under the impact of human use. In contrast to what seems to be 
implicitiy assumed in most writings on land degradation in Java's uplands (e.g. 
Eckholm, 1976; Donner, 1987), change in the natural resource base has not been a 
linear process. A whole suite of different forms of vegetation types/forms of land use 
ranging from mixed natural forest, teak forest, grassland subjected to annual burning, 
shifting cultivation, intermittent upland cultivation, to permanent cultivation with 
terraces has been practised in this or some other sequence. Moreover, this change has 
not been spatially uniform, neither has it been a one way process: processes of 
degradation have been counteracted by preventive and restorative measures. The 
question as to whether changes in the natural resource base should be regarded as 
degradation, and more importantly, whether they should be regarded as irreversible 
degradation, has no single answer. It depends on the type of land use one has in mind, 
on scale, and on the regenerative capacity of nature as well as the ability of land 
managers to tap this capacity or reinforce it. 
The question whether or not a change in the natural resource base should be 
regarded as degradation is directiy dependent on the type of land use envisaged. From a 
point of view of forest conservation, and the livelihoods associated with it5, the 
disappearance of natural forest is a virtually irreversible form of environmental 
degradation. The present population, however, does not see the disappearance of the 
natural forest per se as a loss, because they need land for their cropping activities. To 
5. It would, for instance, have disnipted the existence of foragers, had they lived in the area. 
255 
them, it has only been a loss in as far as it has deprived them from access to rich soils 
newly cleared from forest on which their crops would produce high yields6 This loss is 
however less dramatic because of the possibility of restoring soil fertility with other 
means. Another example is furnished by the spread of Chromolaena, which may be 
seen as degradation, because the shrub has outcompeted Lantana, Imperata, and various 
other grasses, thereby greatly diminishing the role of fallowed hillsides as source of 
fodder. Although some farmers regret this, a positive attitude towards Chromolaena 
nonetheless prevails because of the beneficial effect of the shrub on the soil after a 
fallow period7. With the intensification of farming in the area, the interests of crop 
cultivation have superseded those of animal husbandry. A third, rather cynical example 
is provided by the rock outcrops in the area. They have largely emerged as a result of 
soil erosion and reduced the cultivable area of the land surface. However, the 
population has found some use for these outcrops, by incorporating them into the 
terrace walls they build. These three examples indicate that what is considered 
detrimental under an extensive form of land use can sometimes be beneficial, or, not 
entirely disadvantageous, under a more intensive form of land use. In those cases, the 
question as to whether or not a certain process should be regarded as degradational 
depends on the system one wishes to support. Thus, degradation is socially defined. 
Changes in the natural resource base may also produce different effects at different 
sites. If seen from the farm level, the loss of soil on hillslopes has been advantageous to 
valley bottoms. Degradation of hillside land is thereby partly offset by enrichment of 
valley bottom land. This brings into question the level on which processes in the natural 
resource base are to be considered. 
There has certainly been land degradation, not only viewed objectively but also in 
the views of local farmers, but the increase in crop productivity and the expansion of 
tree growing over the last 15 years suggests strongly that the process of degradation has 
probably not been so irreversible as was presumed in the past. The ability of the land to 
reproduce its productive capacity after interference and the extent to which this can be 
supported by human artifice, have clearly been underestimated. Blaikie and Brookfield 
(1987: 10) proposed the term resilience to refer to this property. Resilience in the study 
area has been particularly the result of human artifice through the use of animal manure. 
6. The oldest people in the area ofien recalled nostalgically the days when the soil was sull rich, yielding 
abundant crops with litUe effort. A 70 year old farmer in Mendak said: 'when my parents were still 
young, the paddy oars were well-filled, the soil did not have to be fertilized, because it was still rich' 
ijaman wong luwd, parine lemu-lemu, ora tau dirabuk, mergd lemine isih akeh kok). 
1. These differences in appreciation are widespread, depending on the type of farming system practised 
(Dove, 1986; Potter, 1987: 173). 
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inorganic fertilizer and better cropping techniques on meticulously constructed terraces. 
Moreover, the significant yield response to fertilizer applications in valley bottoms, 
which are less subject to erosion than hillsides, suggests that soil depletion has been no 
less important than erosion in causing land degradation. Since a substantial part of 
agricultural production has been taking place in valley bottoms throughout the area and 
at all times, the plight of the population in earlier years in the Gunung Sewu cannot be 
attributed solely to soil erosion, as was suggested by some authors (Bailey & Bailey, 
1960; Timmer, 1961: 392, 396). 
The effect of land degradation is commonly seen as a linear decline in the 
productivity of land. Although it is generally acknowledged that yields in upland crop 
cultivation are subject to greater fluctuations due to the unreliability of rainfall, 
declining stability in agricultural production is rarely considered as a consequence of 
degradation. Nevertheless, under conditions of land degradation, the farming system is 
also likely to become more prone to experiencing disturbances caused by natural 
eventsS (Barbier, 1989: 880). Loss in productivity due to deteriorating soil conditions 
on the one hand, and increasing susceptibility to disturbances on the other hand, are of 
course interrelated, if only because greater susceptibility will result in lower average 
yields, if measured over longer periods. Declining stability of the farming system is of 
course not necessarily a consequence of land degradation, but can equally result from 
the use of more marginal land with a higher intrinsic susceptibility or sensitivity to 
disturbing biological and climatological events. I would argue that in the 1950s and 
1960s, it was both land degradation and the continued expansion of agriculture onto 
marginal land, that paved the way for a series of stress situations in the Gunung Sewu, 
situations that were occasioned by extreme bio-physical disturbances. 
This increasing instability in the farming system came, so to speak, on top of the 
general decline in productivity that had probably been taking place over a much longer 
period. The distinction between decreasing stability and a decline in productivity is an 
important one, because the decline in stability has probably undermined household 
economies much more than a merely gradual decline in productivity. It affected the 
entire farming system and forced fanners to sell their productive assets, prevented them 
from carrying out proper soil fenility management in subsequent cropping seasons and 
8. For example, crops grown on eroded land wiih a marginal soil depth may perform reasonably well 
when rainfall is abundant, bui they will experience severe water stress under less favourable rainfall 
conditions. 
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may have driven them further into cultivating larger areas of hillside land9. Externally 
induced opportunities for households to overcome stress periods have, therefore, played 
an important role in the improvement of farming and living conditions in the Gunung 
Sewu as the innovations in crop cultivation. The question of stability and instability of 
production does not appear to have received any attention in the literature on upland 
cultivation in Java, or on land degradation in general. In his historical treatment of the 
development of upland cultivation, Palte (1989) takes essentially a linear view of the 
processes involved, due to his preoccupation with demographic growth, and while 
Blaikie and Brookfield (1987: 2) recognize that 'when production conditions are 
adverse, as in drought, the margin of productivity or of survival for a producer on 
degraded land is smaller than that of a producer on better managed land', they do not 
further discuss this issue. 
Clearly, the question whether or not a change in the natural resource base should be 
regarded as environmental degradation requires a judgement which can only be made 
on the basis of the requirements of a specific land use or farming system and should be 
made at a level appropriate to the land m a n a g e r l O . The seriousness of degradation 
should be assessed in accordance with the capacity for resilience of the land use system, 
or farming system, as a whole. To that end, distinctions need to be made between mere 
soil depletion and soil erosion, loss in productive capacity and susceptibility to 
disturbances. All these considerations will lead to a better understanding of the 
dimensions and effects of land degradation in the uplands of Java than the 
generalizations about the natural resource base found in many writings dealing with 
land degradation. 
9. It also forced a large part of the populauon to find means of support outside the area at an 
unprecedented scale. According to Drs Sunarto, iecturcr at the Geography Department of the Secondary 
School Teachers' Training Institute (IKIP) in Yogyakarta, who conducted a study on migration in 
Gunungkidul DisU-ict, the migration waves caused by the droughts and rat plagues of the early 1960s 
have been an important learning experience for the population and paved the way for an established 
pattern of (circular) migration in the District. The shock of these disturbances apparently compelled the 
population to adopt strategies that had been little considered up till then. 
10. In the case of individual farmers, this is at the farm level, which means that the entire landholding 
should be taken into consideration. In watershed management, for instance, it would encompass the entire 
catchment area. 
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The land manager's capacity for adaptation 
In the literature on upland farming various assumptions are made with respect to the 
farmer 's preoccupation with the sustainability of his farming operations and his 
capacity to achieve this sustainability. Some of these assumptions may result from 
various biases of which I too have found evidence in the field. These assumptions will 
now be re-examined in the light of the findings of the present study. 
In the early stages of cropping in the Gunung Sewu, no special measures were 
taken to preserve the soil. The adverse effects that this and regular burning of the fallow 
vegetation may have caused were hardly felt by the population at that time, because 
land and forest were still in abundant supply. Fallowing probably also made up for 
some of the degradation. Much of this earlier degradation therefore arose from a 
perspective of abundance. However, once the farmers started to realize that their actions 
reduced the productivity of their land, and hence the sustainability of their livelihood 
system, they started to adopt counter-measures. With time, as the need for soil 
conservation became more urgent, both the extent and the quality of these measures 
improved. Therefore, at least in the case of the Gunung Sewu, the assumption that 
present farmers are unaware of land degradation and its effect on the sustainability of 
their cropping activities or that they may even deliberately neglect proper management 
or exploit the land in an irresponsible fashion, must be dismissed as unfounded. 
To protect their land from degradation, farmers in the Gunung Sewu appear to be 
doing all that is conceivably possible within the limits of field crop cultivation and of 
available resources. Their poverty in no way prevents them from putting great labour 
efforts into soil conservationn, simply because they depend on the land for their 
livelihood. However, they feel compelled to grow field crops on hillside land, and 
although they may have achieved a high level of skill and display much perseverance in 
the way they go about the cultivation of crops at these sites, the present field crop land 
use system per se may in the very long run reduce the cultivable soil, no matter how 
much effon is put into soil conservation measures. Clearly, to state that poverty causes 
farmers to manage their land improperly under the prevailing land use system is not 
correct, but it is valid to say that the lack of alternative suitable ways of farming or 
11. As has been shown in Chapter 8, the favourable state of soil conservation in the area is not entirely 
the outcome of actions intended to serve the purpose of soil conservation. Some cropping practices, 
which are aimed primarily at risk avoidance and the optimal use of soil moisture, happen to be beneficial 
in this respect. Although trees are grown primarily for wood or fodder production, they too may have 
beneficial side effects in chccking land degradation. Finally, the disappearance of annual grass bums 
must also have greatly contributed to belter conservation of the soil. 
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alternative means of support have forced the population to practice a form of land use 
which is less well adapted to the environment than other land use systems. Most 
writings on land degradation in the uplands are of such a general level that any 
distinction between forms of land management and/or land use types is rarely made. 
Palte (1989) is a notable exception in that he discusses several land use systems 
practised in Java's uplands. With data from various case studies, he shows convincingly 
the ecological and economic superiority of mixed gardens over systems with 
predominantly annual crop cultivation. But he seems to rule out the possibility that, 
within each land use system, land management can be practised in a range of forms, 
with varying intensities. Instead, he construes a fairly dismal paradigm of land 
management on annually cropped tegalan. This eventually leads him to arrive at a quite 
pessimistic conclusion on the state of upland cultivation in Java in general (Palte, 1989: 
227-228). 
Between twenty and forty years ago, the people of the Gunung Sewu reached a 
point at which it was no longer able to cope with the decline in soil fertility and the 
increasing instability in the farming system. Partiy this was because traditional methods 
became less effective, partly because farmers were not in a position to practise them 
adequately. When inorganic fertilizers were finally made available, it did not take much 
effort to persuade the farmers to use them. Terracing had by that time become a well-
established practice and enabled farmers to use inorganic fertilizers effectively. Access 
to these fertilizers may have become an extra stimulus for farmers to keep their terraces 
in order. Likewise, tree planting and the confinement of cattle to compounds, or to 
stables in the fields, also contributed to improved terracing. Inorganic fertilizers and 
improved cropping methods made the system more productive, a situation for which the 
farmers themselves had already laid the foundation. A perception of abundance may 
have prevailed in earlier times, but it has been the high degree of adjustment by a 
population with no alternatives that made a subsequent rise in productivity possible (the 
upper right box in Table 2.3). These adjustments, however, could only be made in full, 
and only started to pay off, when the social and economic conditions permitted. 
Therefore, the notion that population pressure forces farmers to use their resources 
inadequately or wastefully may entail an underestimation of the capacity of farmers to 
adapt under conditions of pressure and to a misinterpretation of their goals and 
perceptions. Fanners who are mainly or entirely dependent on what few natural 
resources they may control will go to great lengths to conserve these resources as soon 
as they perceive the dangers. 
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iMnd management and agricultural change 
The changes in the natural resource base and the behaviour of the land manager, which 
have been discussed in the previous sections, will now be viewed in the wider context 
of agricultural change. The ever greater efforts that were put into soil conservation for 
the maintenance of soil fertility were required by the increasing density of land use and 
the increasing demands of production. This intensification was generated largely by an 
increasing number of people who had to live from the produce of the land. The various 
stages through which the process of intensification went conform to those observed for 
the uplands of Java in general (see Chapter 1). Intensification notwithstanding, 
however, fallowing hillside land has remained important in the Gunung Sewu due to its 
particular relief and soil conditions. 
Although population pressure has undoubtedly been the most important driving 
force behind agricultural intensification in the Gunung Sewu, other factors as well may 
have played a role. Taxation during the feudal and colonial period posed a substantial 
burden on a population that had little access to means of earning cash. The introduction 
of both the poll tax and the land tax by the colonial government may have become an 
additional factor stimulating the expansion and intensification of agriculture in the 
Gunung Sewu during the first half of this century. Clearing new land may have been 
particularly attractive because it probably remained untaxed for a number of years until 
the next land classification survey was held. However, the population was gradually 
relieved of tax burdens and after the early 1950s they are no longer of much 
significance. This gradual reduction of tax burdens was in fact panly a response to the 
decreasing capacity of the population to generate revenue for tax payments. However, 
the need for cash has risen steadily over time. Nowadays farm inputs and schooling take 
up comparatively large and inescapable portions of household budgets. 
Pake (1989) has pointed out the Boserupian nature of the initial adjustments in 
upland cultivation in Java, which came about as a result of increasing population 
pressure. Agricultural change in the Gunung Sewu has followed a similar pattern. 
However, the dismal conditions in the 1950s and 1960s showed that, by that time, 
intensification had failed to produce any fundamental change in the economic structure 
such as should have come about according to Boserup's model in the area and 
agricultural technology . Instead, a Malthusian situation arose, indicating that 
intensification as then practised had gone too far at the price of the natural resource base 
and the welfare of the population. However, such a conclusion does not cover all 
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aspects of the problem. Much of the degraded state of the agricultural landscape has to 
be ascribed to the activities of earlier generations, not exclusively to the contemporary 
land management practices. It is also necesary to recognize the other side of the coin: it 
was not just a state of overpopulation which prevented farmers from practicing their 
traditional measures of land management effectively or from adopting alternative land 
use forms or land management practices. External forces were also important. 
The political and economic system on the island had disadvantaged upland regions 
throughout the colonial era and also during a good deal of the post-independence 
p e r i o d l 2 . First of all, it had forced people in the lowlands to migrate into marginal areas, 
such as the Gunung Sewu. These regions have long been left to their own devices, as, 
on the whole, they were of little interest to government or private enterprise. As 
Chambers (1938: 141) has noted, lack of intervention is itself intervention by default. 
Infrastructure remained poor, and rendered the marketing of farm products a time-
consuming and costly affair. The cultivation and sale of teak was long monopolized by 
the govemment. As a result, farming continued to be largely subsistence-oriented. 
Alternative forms of land use could not develop and off-farm work remained scarce. 
Clearly, a physically marginal area, such as the Gunung Sewu, has tended to acquire a 
series of other marginalities in a regional context. The depressing social and economic 
conditions from the 1940s until the 1960s, aggravated by a series of extreme bio-
physical disturbances, made it even harder for the rapidly growing population to 
maintain the productivity of their land, develop alternative forms of land use or take up 
alternative ways to make a living. 
The course along which land use has come under increasing pressure and has 
affected productivity can perhaps be reconstructed as follows: It can be hypothesized 
that at the beginning of this century agricultural development in the Gunung Sewu 
probably still allowed for constant retums to each labour input added, because fertile 
land was still available. However, from around 1900 onward, the increasing population 
took more and more marginal land into c u l t i v a t i o n l 3 . Households that had hillside land 
in reserve gave it out without charge, or on a share-cropping basis, to fellow villagers 
with smaller holdings; this is still often the case today. This practice may have helped 
spread the effects of land degradation more thinly and evenly over the area, allowing 
12. Even today, an equal balance does not seem to have been reached. Agronomic research on upland 
crops, for instance, has still a long way to go to catch up with the achievements in rice research. In view 
of the heterogeneity of crops and crop conditions, it is doubtful whether any particular upland farming 
system will ever have a similar amount of attention devoted to it. 
13. The release of Tanah AB also made mainly hillside land available. 
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small farmers to rest their own land for some period. We find here an interesting 
parallel with Geertz' concept of shared poverty (Geertz, 1963). Nevertheless, returns to 
labour started to diminish, because the use of marginal land required more and more 
labour for terracing, while in the meantime yields were also declining as a result of 
shorter fallow periods and lack of manure. Clearly, despite such shared poverty, no 
'involution' was possible in the Gunung Sewu. Eventually, erosion, the expansion of 
cultivation onto marginal land and the dwindling of reserve land rendered the Gunung 
Sewu farming system increasingly vulnerable to extreme bio-physical disturbances, 
which prevented the population even from meeting its basic subsistence needs. Only in 
the 1970s did this process of declining returns to labour come to an end, when farmers 
gained access to chemical fertilizers and adopted improved cropping techniques (Figure 
10.2). 
Labou f product iv i ty 
(( ice equ iva len ts 
per w o r k e r d a y ) / 
^ ~ - J - \ ^ ^ 
1 
Land producl ivr ly 
(rice equiva lents 
per t iectare) 
Figure 10.2 Assumed trend in labour and land productivity in crop cultivation in the Gunung 
Sewu 
Note: 1938/9 and 1987/8 are have been calculated from survey data 
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Figure 10 J Assumed trend in family net incomes and family labour input 
Note: 1938/9 and 1987/8 are have been calculated from survey data 
The changes in social and economic conditions starting after the mid 1960s 
presented local farmers with various opportunities to improve their land management 
practices and land use, and to diversify their household economies (Figure 10.3). 
Access to off-farm inputs, marketing opportunities, greater security and a greater 
capacity to overcome stress situations, made possible by the adoption of tree growing 
and off-farm employment, have been key factors in the improvement of the farming 
system. As a result, the rural economy became much more commercialized and 
monetized. Increasing mobility, higher education levels and greater employment 
opportunities outside the villages led to substantial migration, reducing population 
growth to a minimum. Migration and off-farm employment have not led the population 
to neglect proper land management; on the contrary, it appears to result in a more 
intensive use of available cropland on the one hand and the retreat of field crop 
cultivation on hillsides on the other hand, but nowhere in a lack of care for either crops 
or land. Therefore, developments in the Gunung Sewu show a much brighter picture 
than is contained in Palte's rather pessimistic conclusion for Java's uplands as a whole: 
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"The farmers lack the capital to purchase sufficient fertilizers; the mining 
of the soil results in stagnating yields per hectare; pressing subsistence 
demands leave little or no room for cash cropping on the small holdings; 
the marginal returns from farming, together with the onerous labour 
demands of terracing, prevent carrying out measures for erosion control. 
It is evident that the low productivity of the dry arable farming system 
discourages sufficient soil management and, thus, is largely responsible 
for the severe erosion in Java's uplands" (Palte, 1989: 218) 
This is not to say that the situation has been totally turned around. The use of 
fertilizer is still capable of further improvement. Use can sdll be quite irregular, 
depending on the vagaries experienced by household economies due to harvest 
fluctuations. On the other hand, one would wonder whether farmers perhaps 'subsidize' 
their own subsistence production, notably of rice, with the proceeds of cash crops, wood 
sales or other income. This situation reflects the comparatively low production level of 
the farming system, the lack of alternative remunerative employment and risk. The 
scope for commercial intensification of field crop cultivation on hillside land is also 
limited and shifts to other forms of land use should be made possible. The aspirations of 
the population go further than mere subsistence in a traditional way of life. The 
population has become aware that schooling is the key for a better future. However, 
education requires sizeable cash incomes. Consequentiy, households with school-going 
children experience the greatest pressure to gain such cash incomes. This differentiation 
on the basis of life cycle is to some extent reflected in land circulation patterns, with 
households with school-going children seeking more land outside their own holding, in 
congruence with Chayanov's macro-theory (Chayanov, in: Thomer et ai, 1966). This is 
made possible by the availability of marginal hillslope land and forest land. Households 
with school-going children also use their resources (land, labour) more intensively by 
growing trees and performing off-farm work. To meet the new emerging aspirations, 
such as schooling, further development efforts are required. Even if productivity in 
agriculture can be increased, the question still remains whether it can be increased for 
everybody, and how the terms of trade between what farmers produce and what they 
have to purchase will develop. 
The important role of external factors in recent changes in the region, however, 
raises the question whether the problems of the area, panicularly overpopulation, have 
in fact been shifted to other regions. The large stream of migrants from the Gunung 
Sewu may add to congestion and unemployment in other areas. Inorganic fenilizer and 
the subsidy it receives may be used less efficiently than elsewhere. A road in the 
Gunung Sewu serves fewer people than a comparable road in the lowlands. These facts 
cannot be denied. Although this question has not been at the heart of this study, it 
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should be considered. A number of points require attention. From the national point of 
view, local rural development combined with out-migration is probably the cheapest 
way to improve the welfare of a great number of people. The much greater development 
achieved in the lowlands suggest that the economy and society can bear the negative 
spill-overs of poor upland areas better than it ever could over the last fifty years. In fact, 
migrants from the Gunungkidul respond to opportunities as much as they wish to escape 
the poorer conditions at home. The problems of the uplands are the problems of society, 
and many upland problems are caused by developments in the wider society as a whole. 
It would appear that society, and particularly society in the lowlands, has finally started 
to pay some of the price for passing the burden of population growth to the uplands, and 
for neglecting the fate of upland populations for so long. 
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Appendix 1 
Dry period index 
A dry period index (DI) was calculated for each year for the weather stations of 
Panggang, Paliyan and Wonosari in order to generate annual values that are comparable 
through timel. The index should indicate the presumed effect of dry periods on 
agriculture. It is based on rainfall only; effects on the soil water balance and, hence, 
cropping and crop performance are merely assumed. 
For each month departures from the mean (DM) were expressed as ratios of their 
standard deviations (SD). Negative departures were given scores as shown in the two 
tables below. Scores differed for different months of the year to account for the 
differential impact of below average rainfall over the year. Small departures from the 
mean at the height of the wet season (December to March), when rainfall abounds, do 
not weigh as heavily as at the beginning or towards the end of the rainy season 
(October, November and April, May, respecdvely), when below average rainfall is 
more likely to cause water stress. For these transitional months a departure from the 
mean of more than -0.5 SD would result in rainfall far below the 100 mm level, which 
is generally considered as a minimum level for crop cultivation. Rainfall fluctuations 
during the driest months of the year are not taken into consideration, as very low rainfall 
in this period does normally not allow rainfed crop cultivation (July to September). 
It was assumed that the occurence of one dry month between two months with 
average or above average rainfall would not have much effect on crop production. 
Therefore only a period of minimally two consecutive with rainfall below -0.5 SD have 
been taken into account. This may be a rather short period, but considering the small 
water retention capacities, particularly of soils on the hillsides, this choice seems 
justified. 
The rainfall regime recorded in Panpang station is wetter than in Paliyan and 
Wonosari. Since we are only interested in deviatons form a 'normal' situation, the 
values chosen for the transition months for Panggang have been adjusted accordingly. 
Evidentiy, the dry period indices of the stations for a given year can only be compared 
on the basis of internal ranking. 
1. The index was computed in a similar fashion as was done by Allen (1989). Some modifications were 
introduced to make it more suited to the marked seasonal rainfall pattern in the area and more sensitive to 
the possible impact on local agriculture. 
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Monthly scores for the three weather stations 
Paliyan and Wonosari 
DM/SD J F M A M J J A S 0 N D 
-0.6 to-1.0 0.5 0.5 0.5 1 1 . - 0.5 1 0.5 
-1.1 to -1.5 1 1 1 2 2 1 
<-1.5 2 2 2 2 
Panggang 
DM/SD J F M A M J J A S O N D 
-0.6 to-1.0 0.5 0.5 0.5 1 1 0.5 _ _ 1 1 0.5 
-1.1 to -1.5 1 1 1 2 2 1 
<-1.5 2 2 2 2 
The resulting dry period indices as well as the underlying monthly rainfall figures are 
shown on the following pages. 
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Monthly rainfall, Paliyan 1955-1988 (mm) 
Year J F M A M J J A S 0 N D Total DI 
1955 232 372 116 211 139 150 153 82 11 36 432 177 2111 
1956 392 398 109 119 79 177 114 75 85 194 288 183 2213 
1957 50 296 346 20 0 0 194 25 0 11 92 284 1318 4.5 
1958 157 263 236 122 83 34 89 47 55 130 190 269 1675 
1959 207 161 493 110 142 172 54 0 0 0 191 310 1840 2.0 
1960 691 360 246 181 228 0 79 4 2 5 283 205 2284 
1961 299 374 118 174 19 0 0 0 0 0 9 356 1349 3.5 
1962 472 292 329 138 68 0 9 38 0 154 139 548 2187 
1963 378 306 285 25 12 26 0 0 0 0 0 136 1168 6.5 
1964 271 134 300 140 201 4 0 0 19 279 340 105 1793 3.5 
1965 240 182 68 34 27 0 0 0 0 0 122 334 1007 7.0 
1966 245 366 263 157 7 4 0 0 3 73 96 383 1597 1 
1967 383 337 234 150 11 0 0 0 0 0 32 108 1255 4.5 
1968 517 355 320 134 410 135 16 83 55 106 84 505 2720 
1969 209 373 175 150 0 51 0 0 0 0 13 0 971 4.5 
1970 538 373 216 291 304 44 0 0 28 129 319 564 2806 
1971 410 311 505 40 254 0 0 0 22 204 193 259 2198 
1972 333 387 266 75 107 0 0 0 0 14 57 275 1514 1.5 
1973 431 289 420 101 372 54 29 12 41 14 170 332 2265 
1974 277 353 255 154 161 21 70 25 33 121 264 224 1958 
1975 334 391 542 144 108 0 16 0 196 428 157 345 2661 
1976 328 71 506 26 0 0 0 0 12 58 110 118 1229 5 
1977 519 288 357 98 2 51 0 0 0 0 80 203 1598 2 
1978 278 179 212 85 118 337 141 40 4 161 130 258 1943 1.5 
1979 336 169 369 221 456 52 0 0 0 18 66 191 1878 2 
1980 231 179 168 4 4 0 0 11 0 32 240 217 1086 5 
1981 404 383 79 60 33 62 134 33 80 89 413 328 2098 4 
1982 334 334 151 130 0 0 0 0 0 0 0 312 1261 3.5 
1983 206 168 284 362 209 21 0 0 0 134 515 268 2167 1.5 
1984 540 378 326 143 167 9 19 0 197 48 25 270 2122 
1985 237 287 296 60 10 13 0 0 0 40 436 242 1621 2 
1986 626 240 367 289 404 30 15 52 44 393 183 
1987 943 232 63 28 0 33 0 0 0 4 90 522 1915 7 
1988 408 466 297 112 36 29 0 14 0 103 248 
Avg 366 296 274 126 114 55 34 15 26 77 183 273 1807 
std 167 91 124 80 125 92 53 24 48 93 139 125 486 
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Monthly rainfall, Panggang 1955-1988 (mm) 
Year J F M A M J J A S 0 N D Total DI 
1955 245 403 99 212 149 171 322 57 2 160 551 330 2701 
1956 677 397 169 49 369 77 258 46 10 142 203 556 2953 1.5 
1957 427 321 299 51 27 0 317 59 7 0 183 268 1959 3.5 
1958 233 411 337 139 33 12 166 25 62 340 352 362 2472 1 
1959 551 486 703 148 121 127 51 0 35 46 244 490 3002 
1960 526 346 215 216 439 0 37 15 35 50 592 310 2781 
1961 566 455 228 268 24 0 0 0 0 0 0 189 1730 4 
1962 518 213 185 219 3 2 8 8 0 92 104 562 1914 2.5 
1963 581 462 678 5 0 0 0 0 0 0 0 153 1879 4.5 
1964 222 81 281 186 141 91 0 0 48 468 592 370 2480 3 
1965 397 306 166 0 0 0 0 0 0 0 65 336 1270 6 
1966 619 488 200 164 99 91 0 0 0 0 183 1.5 
1967 287 238 44 17 0 0 0 0 0 121 179 4 
1968 641 329 212 234 309 242 134 103 16 71 115 453 2859 
1969 195 414 175 171 0 0 0 0 0 0 105 0 1060 4.5 
1970 120 164 148 214 229 110 0 0 14 140 385 651 2175 3.5 
1971 718 277 684 30 238 0 0 0 16 365 494 435 3257 
1972 648 543 252 63 0 0 0 0 0 8 107 162 1783 4 
1973 484 325 490 62 231 136 88 61 60 153 379 363 2832 
1974 262 228 414 188 128 0 102 56 72 103 491 145 2189 2 
1975 328 696 608 220 131 0 0 0 80 602 431 513 3609 0.5 
1976 427 112 387 25 0 0 0 0 9 96 351 136 1543 3 
1977 463 465 330 39 0 32 5 0 0 3 67 223 1627 5 
1978 312 109 119 61 87 335 283 68 68 111 167 647 2367 4 
1979 438 378 449 211 764 122 12 17 20 29 29 182 2651 3 
1980 243 424 198 179 20 7 0 11 0 149 479 333 2043 1 
1981 367 395 143 156 40 149 0 25 97 20 481 419 2292 
1982 308 583 239 102 0 0 0 0 0 0 0 351 1583 3.5 
1983 259 205 182 243 172 20 0 0 0 159 494 80 1814 1.5 
1984 498 335 79 90 126 23 0 0 277 629 113 510 2680 
1985 303 310 637 185 19 18 4 20 3 137 348 216 2200 
1986 626 448 412 23 3 333 60 7 108 53 309 192 2574 3 
1987 1038 332 69 13 0 12 6 0 0 0 576 724, 2770 5 
1988 310 337 568 377 114 7 0 15 52 151 504 0.5 
Avg 441 355 312 135 119 62 55 17 32 126 283 339 2274 
std 190 134 186 92 159 92 97 26 53 165 194 177 587 
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Monthly rainfall, Wonosari 1909-1988 (mm) 
Year J F M A M J J A S 0 N D Total DI 
1909 421 421 209 372 383 232 83 20 105 175 137 152 2710 1.5 
1910 385 440 203 282 74 55 112 49 126 218 445 221 2610 
1911 184 359 121 230 138 63 79 0 10 94 171 124 1573 
1912 462 359 422 56 6 0 1 0 0 105 277 258 1946 4 
1913 222 226 463 114 31 0 1 0 2 6 175 271 1511 4 
1914 290 159 221 206 88 61 0 0 10 0 158 458 1651 
1915 499 318 93 172 247 66 0 0 0 68 279 281 2023 
1916 476 355 143 35 78 144 33 54 0 371 258 302 2249 
1917 313 402 210 201 55 68 13 19 40 195 273 556 2345 
1918 364 330 88 30 89 0 1 1 124 0 145 310 1482 3 
1919 118 316 156 92 238 13 0 1 0 0 151 238 1323 1.5 
1920 293 208 300 305 31 27 9 102 0 239 268 277 2059 1 
1921 101 355 409 154 12 2 1 3 15 215 21 282 1570 1 
1922 303 461 356 207 155 259 7 0 0 21 84 211 2064 1.5 
1923 327 244 283 117 190 116 109 0 0 0 85 214 1685 1.5 
1924 78 593 199 188 126 35 1 0 0 150 191 127 1688 1 
1925 221 411 402 185 0 0 18 0 5 2 151 118 1513 2.5 
1926 300 414 284 153 72 0 0 0 0 0 134 319 1676 1.5 
1927 262 73 264 144 161 151 1 0 0 56 49 165 1326 2.5 
1928 256 458 228 264 1 240 29 7 0 32 204 397 2116 
1929 257 401 209 73 0 3 0 0 0 12 27 213 1195 6.5 
1930 73 294 182 117 208 0 1 22 1 91 250 145 1384 2.5 
1931 176 619 435 334 175 86 13 0 0 77 243 194 2352 
1932 299 170 221 249 165 137 0 0 18 35 145 245 1684 
1933 238 366 203 137 148 54 17 29 134 67 174 328 1895 
1934 415 148 532 220 34 17 0 0 0 28 346 161 1901 1 
1935 313 193 166 170 33 24 2 0 0 19 131 251 1302 3.5 
1936 406 208 212 265 55 75 3 1 9 72 313 364 1983 
1937 453 113 217 176 37 191 14 0 4 9 126 229 1569 1.5 
1938 548 253 325 218 245 140 70 10 0 0 378 166 2353 
1939 586 204 304 315 89 125 109 65 34 124 106 165 2226 1.5 
1940 397 249 117 154 83 114 0 0 0 0 186 184 1484 
1941 161 109 144 245 83 45 18 0 0 13 126 244 1188 5 
1942, 496 310 361 41 161 126 31 29 35 70 501 148 2309 
1943 366 407 349 111 90 32 178 43 1 107 112 153 1949 1.5 
1944 83 241 239 45 0 0 0 17 0 8 187 274 1094 6.5 
1945 402 270 554 93 15 0 3 2 141 138 159 202 1979 2 
1946 330 128 27 0 23 0 0 1 179 347 
1947 396 358 326 0 
1948 
1949 
1950 
1951 6 61 87 42 6 13 56 59 289 
1952 215 326 149 55 24 5 0 63 0 236 168 281 1522 3.5 
1953 143 355 358 154 239 29 0 0 0 0 158 192 1628 
1954 322 460 94 210 248 126 31 47 26 52 322 175 2113 
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1955 186 309 159 231 222 156 119 106 56 112 340 275 2271 
1956 421 341 84 80 93 86 103 111 13 124 93 237 1786 3 
1957 105 309 379 43 0 0 241 49 0 0 165 340 1631 2.5 
1958 123 453 403 117 112 32 109 69 49 188 210 456 2321 
1959 402 441 412 166 126 72 56 0 0 0 396 276 2347 .5 
1960 469 451 297 51 165 16 108 0 23 21 263 184 2048 
1961 341 311 135 117 41 0 0 0 0 0 31 147 1123 3 
1962 323 238 443 305 13 0 8 91 0 100 115 368 2004 1 
1963 301 238 290 3 0 0 0 0 0 0 10 264 1106 5.5 
1964 224 164 431 186 229 64 0 0 7 280 361 253 2199 1.5 
1965 429 348 147 0 0 0 0 0 0 0 126 177 1227 5 
1966 178 293 325 10 0 64 0 0 8 8 102 564 1552 5 
1967 659 303 188 75 0 0 0 0 0 6 24 164 1419 2.5 
1968 486 330 403 99 359 173 124 63 55 43 197 220 2552 
1969 283 297 275 121 0 0 0 0 0 0 63 164 1203 3 
1970 270 275 233 250 121 
1971 273 259 
1972 210 358 201 46 60 0 0 0 0 0 80 159 1114 3.5 
1973 542 301 521 192 282 119 10 31 106 75 64 233 2476 
1974 204 243 199 124 138 2 2 52 77 153 179 200 1573 
1975 434 361 450 97 183 0 28 0 207 265 90 212 2327 
1976 176 62 331 23 0 0 0 0 0 98 159 26 875 5.5 
1977 389 297 332 75 25 32 0 0 0 0 35 291 1476 3.5 
1978 276 157 253 38 268 101 127 48 46 71 134 263 1782 
1979 422 131 367 143 167 82 0 0 0 7 50 220 1589 1.5 
1980 392 83 151 202 12 0 0 44 0 40 191 283 1398 5 
1981 346 313 395 331 97 41 79 36 101 178 526 296 2739 
1982 311 424 176 199 0 0 0 0 0 0 29 131 1270 4.5 
1983 280 234 183 285 269 0 0 0 0 152 587 167 2157 1.5 
1984 545 443 543 248 102 37 0 0 207 130 138 484 2877 
1985 130 357 523 245 3 148 11 15 0 79 335 300 2146 
1986 648 201 375 151 0 338 0 0 60 39 327 99 2238 2.5 
1987 960 214 159 105 36 36 0 0 0 4 69 470 2053 4 
1988 359 428 394 86 220 39 0 0 0 199 139 
1909-1954 
avg 308 310 263 171 105 69 25 14 20 75 192 244 1797 
std 130 125 118 91 89 71 40 23 40 86 104 91 399 
1955-1988 
avg 358 294 
std 176 101 
308 
125 
135 
90 
101 
103 
51 
72 
35 
58 
22 
34 
32 
55 
74 
82 
179 256 
143 114 
1845 
530 
Source: Regenwaamemingen in Nederlandsch Indie. Koninklijk Magnetisch en Meteorologisch 
Observatorium, Weltevrcden, 1909-1947; Pemeriksaan hujan di Indonesia. Direktorat 
Meteorologi, Jakarta, 1951-1954; Agricultural Service Gunungkidul District, 1955-1988 
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Appendix 2 
Soil analysis data 
Nr Site Condition Plot name Hamlet Soil colour<^ 
(Munsell) 
1 hillside forest NglinggSmanik Legundi vdb lOYR 2/2 
2 valley 20 m wide Gemulung Legundi drb SYR 3/4 
3 hillside cult. 26 yrs Gemulung Legundi drb SYR 3/4 
4 hillside fallow 4 yrs Ngepung Legundi vdb lOYR 2/2 
5 valley 25 m wide Ngepung Legundi drb SYR 3/4 
6 hillside cult. 4 yrs Ngepung Legundi drb SYR 3/4 
7 valley 35 m wide Pul6 Mendak drb 2.5YR 3/4 
8 hillside fallow 5 yrs Pul6 Mendak vdb lOYR 2/2 
9 hillside cult. 2 yrs Pul6 Mendak drb SYR 3/3 
10 valley 40 m wide Dok Dur Mendak dr 2.5YR 3/6 
11 hillside fallow 8 yrs Dok Dur Mendak db 7.5YR 3/2 
12 hillside cult. 5 yrs Dok Dur Mendak drb SYR 3/3 
13 valley 80 m wide Cikal Kepek yr SYR 4/6 14 hillside cult. 3 yrs Cikal Kepek dr 2.5YR 3/2 
15 hillside cult. 30 yrs BarSma Kepek db 7.SYR 3/3 
16 hillside cult. 30 yrs BaramS Kepek vdb lOYR 2/2 
17 valley 40 m wide BarSma Kepek drb SYR 3/4 
Note: vdb = very dark brown, db = dark brown, drb = dark reddish brown, dr = dusky red, yr = 
yellowish red 
Nr pH P K+ Ca2+ Mg2+ Na+ CEC BS OM NPret . tot 
g/ml I t I t me/lOOg " t i % % kg/ha % N,% 
1 7.0 10 1.02 34.6 3.20 0.23 39 100 9.3 531 48 0.90 
2 6.9 6 0.44 16.1 1.40 0.06 20 90 2.9 58 49 0.21 
3 7.1 8 0.17 21.7 0.95 0.13 24 95 3.1 55 60 0.22 
4 7.0 3 0.26 34.0 2.31 0.31 37 100 5.7 369 63 0.50 
S 6.4 3 0.37 13.6 1.56 0.09 21 75 2.7 67 53 0.22 
6 6.8 3 0.25 20.0 1.42 0.10 25 87 3.5 130 59 0.32 
7 7.2 2 0.23 19.5 1.12 0.09 23 90 1.9 23 61 0.17 
8 7.5 4 0.28 49.9 1.80 0.16 52 100 6.3 185 69 0.60 
9 7.5 5 0.31 34.1 2.77 0.12 37 100 3.8 154 61 0.34 
10 6.5 3 0.44 13.4 1.38 0.08 19 79 1.8 31 56 0.16 
11 7.2 4 0.33 28.9 2.84 0.23 32 100 4.9 363 57 0.39 
12 7.4 4 0.38 24.6 1.70 0.14 28 95 3.S 85 62 0.26 
13 6.8 4 0.16 14.5 0.86 0.04 16 100 1.4 24 56 0.11 
14 7.4 4 0.27 37.1 1.19 0.11 39 100 3.7 111 63 0.34 
15 7.4 6 0.18 24.8 1.33 0.09 26 100 3.1 60 45 0.23 
16 7.4 5 0.08 14.3 0.99 0.07 16 94 3.0 63 59 0.24 
17 5.8 7 0.33 10.3 1.34 0.06 19 65 2.3 33 60 0.18 
Note: BS = base saturation, OM = organic matter, Pret = phosphate retention 
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Appendix 3 
Concepts and terms used by local farmers for describing and rating land and soil types 
The illustration below is meant to give an idealized representation of the terms and 
underlying concepts used by farmers in the study area to describe and rate the quality of 
their land. The categories and terms included are by no means exhaustive, but they do 
cover the major concepts used^ (underlined). The terms for the major land forms are 
given in capitals. Culdvable surface indicates the proportion of the land surface that can 
be cropped and is determined by the extent of rock outcrops and slope. Cultivable 
surface is also an indirect indicator of soil depth, as the two features are interconnected. 
In the figure cultivable surface increases from top to bottom, for the sake of simplicity; 
in reality, there is no such fixed sequence on hillslopes. In the valleys, drainage is a 
another land quality considered by farmers. All other concepts relate to soil properties. 
It would be beyond the scope of this brief sketch to explain each term. It suffices to say 
that terms at the top of each column generally describe conditions considered to be 
more favourable than those described by terms at the bottom. Clearly, soil properties 
considered on hillside land differ from those considered on valley bottoms. On hillsides, 
soil depth and presence of coarse panicles impose constraints on crop cultivation not 
normally encountered in valley bottoms. Unlike hillside land, where fallowing still 
plays an important part in restoring soil fertility, the presence of litter and humus is 
irrelevant on valley bottoms. Here, soil colour is deemed imponant, as red soils require 
more fertiUzer than black soils. Since soil depth and the like is not a critical feamre of 
valley bottom land, properties referring to soil texture and structure gain in significance. 
CO^r^t. Prfrfic /f c 
bro - joi^^o^ icilti la^ 
1. The concepts are in fact merely inferred from ihe terms used by the fanners. The fact that some terms 
refer to more than one property, may suggest that the actual concepts used by the farmers are perhaps 
somewhat different from those inferred. 
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Appendix 4 
List of identified tree an plant species 
1. Perennials 
Javanese name^ Scientific name English name 
Used primarily for wood and fodder production: 
adem ati 
akasia 
anggrung 
angleng/telikan 
awar-awar 
balungan (?) 
banon 
baum (?) 
bedali 
bendd 
bibisan 
bintaos 
blunyah 
brunyah 
bulu 
bundet 
cengkik 
cengkiling 
dadap 
dadap srep 
dluwak 
dondong alas 
dulisen, dlisen 
gintungan 
gliriside 
gondang 
grudd 
ilat-ilat 
ilat-ilat 
ingas 
jarak cind (cinten) 
jati (jatos) 
jembilit 
johar 
katimdhd 
kayu putih (kajeng petak) 
keben 
kedoyd 
kemiri 
kemldkd 
kemlandingan 
kepuh, kepoh 
Litsea glutinosa 
Acacia auriculiformis 
Trema orientale 
Lantana camara 
Ficus septica 
Plectronia glabra ? 
Cassia javanica 
Radermachera sp 
Artocarpus elastica 
Maba buxifolia 
Wrightia javanica ? 
7 
Ficus annulata 7 
7 
7 
Erythrina spp 
Erythrina lithosperma 
Grewia paniculata 
7 
Homalium tomentosum 
Bischofia javanica 
Gliricidia maculata 
Ficus variegata 
7 
Alstonia villosa 
Ficus callosa 
Semecarpus heterophylla 
Jatropha curcas 
Tectona grandis 7 
Cassia siamea 
Kleinhovia hospita 
Melaleuca leucadendra 
Barringtonia asiatica 
Dysoxylum amooroides 
Aleurites moluccana 
Phyllantus emblica 
see: manding jawa 
Sterculia foetida 
teak 
punk tree 
candlenut 
1. As used in the local vernacular; names in parentheses are high-Javanese forms, used in polite speech. 
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kesambi Schleichera oleosa lac tree klayu Erioglossum rubiginosum -kucingan Mimosa pudica sensitive plant kukun Actinophora fragrans -kupu-kupu Bauhinia tomentosa -kuwang 7 -
laban, tileng Vitex spp. -
lamtdrd, lamtdrd gung Leucaena leucocephala leucaena landakan (?) Bridelia minutiflora -lastri Thevetia peruviana -
Idwd Pipturus incanus -lo Ficus glomerata -
mahoni Swietenia sp. mahogany mdjd Aegle marmelos -manding jdwd (jawi) Leucaena glauca leucaena manding sabrang Acacia villosa -
mindi Melia azedarach -mundu Garcinia dulcis -munggur Somania saman -murbei, besaran Morus alba mulberry 
ongkdh/tikd/krinyon Chromolaena inulifolia -
pandan alas {wank) Pandanus tectorius screw-pine pelem alas (wdnd) 9 -
pilang Acacia leucophloea -
popohan Buchaniana arborescens -
pring (deling) betung Dendrocalamus asper bamboo pring (deling) jdwd Gigantochloa verticilata bamboo pring (deling) ori Bambusa bambos bamboo pule Alstonia scholaris -
rambutan jdwd (jawi) 7 -
randu alas (wank) Bombax ceiba -
rekdtd 7 
rempelas Ficus ampelas -
sand keling Dalbergia latifolia -
secang Caesalpina sappan -
segaw^ Adenanthera microsperma -
sembojd Plumiera acuminata pagoda tree sempu 7 -
singon jdwd (jawi) Albizzia chinensis -
singon laut Albizzia falcata -
senu Melochia umbellata -
serut 7 -
talok Grewia spp -
tayuman, daglik Bauhinia purpurea -
trembelu busuh 7 -
trengguli Cassia fistula Indian laburnum 
truwd 7 -
turi Sesbania grandiflora -
tutup Macaranga sp -
ule 7 -
walangan Eryngium foetidum -
waringin Ficus benjamina Ceylon willow 
waru Hibiscus tiliaceus -
weru Albizzia procera -
wesi, wesen, besi Cassia timoriensis -
widdrd (?) Strychnos ligustrina -
winong Tetrameles nuduflora -
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wiyu Garuga pinnata 
wuni Antidesma bunius -
wunung Sterculia campanulata -
wunut Ficus glabella -
Used primarily for human consumption of fruits, leaves etc. 
aren Arenga pinnata sugar palm 
asem Tamarindus indica tamarind blimbing Averrhoa carambola carambola 
duwet Eugenia cuminii jambolan 
gedang (pisang) Musa cvs banana jambu (jambet) klampok Eugenia aquae rose apple jambu (jambet) khituk Psidium guajava guava jambu (jambet) ler 
jambu (jambet) mete Anacardium occidentale cashew 
jarak Ricinus communis castor 
jeruk (jeram) Citrus spp citrus jeruk (jeram) batok Citrus sp -
jeruk (jeram) gulung Citrus maxima pommelo jeruk (mdjh) Citrus sp -
kapas Gossy-pium sp. cotton 
kates Carica papaya pawpaw 
kedondong Spondas pinnata -kelor NIoringa oleifera horse radish 
kemulwd Annona reticulata 
tree 
custard apple 
kldpd (krambil) Cocos nucifera coconut 
kluwih Anocarpus alrilis breadfruit 
kuweni Mangifera odorata -
nanas Ananas comosus pineapple 
ndngkd Artocarpus heterophyllus jackfruit 
ndngkd sabrang Annona muricata soursop 
pace Morinda citrifolia -
pelem Mangifera indica mango 
pete Parkia speciosa -
racun -
rambutan Xephelium lappaceum rambutan 
randu Ceiba pentandra kapok 
rukem Flacourtia rukam -
salam Eugenia polyantha -
sa^vo Achras zapota -
so Gnetum gnemon -
srikdyd Annona squamosa sugar apple 
sukun •Anocarpus communis breadfruit 
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2. Annuals, biennials, herbs 
Javanese name Scientific name English name 
Grain crops 
cantdl/tebon 
jagung 
jali 
jawut, otik 
pari ipantun) 
Andropogon sorghum 
Zea mays 
Coix lacryma jobi 
Setarium italicum 
Oryza sativa 
sorghum 
maize 
Job's tears 
millet 
rice 
Tubers 
ganyong/limbong 
garut, birut 
gembili 
kimpul gendrug 
kimpul pari 
sinte 
tdld 
tild pendem 
uwi 
Canna edulis 
Maranta arundinacea 
Dioscorea esculenta 
Xanthosoma sagittifolium 
Colocasia esculenta 
Alocasia macrorrhiza 
Manihot esculenta 
Ipomoea batatas 
Dioscorea alata 
edible canna 
arrowroot 
lesser yam 
taro 
giant taro 
cassava 
sweet potato 
greater yam 
Legumes 
gud^ 
kacang bayung 
kacang ddwh. (panjang) 
kacang ijo (ijem) 
kacang loki 
kacang prut 
kdrd benguk 
kdrd marhdn 
kdrd mdnti 
kdrd uceng 
kecipir 
kedele (kedangsul) 
Cajanus cajan 
Vigna umbellata 
Vigna sesquipedalis 
Phaseolus radiatus 
Canavalia ensiformis 
Arachis hypogaea 
Mucuna pruriens ? 
Phaseolus lunatus 
Lablab purpureus 
Tetragonolobus psophocarpus 
Glycine max 
pigeon pea 
rice bean 
yardlong bean 
mungbean 
jack bean 
groundnut 
velvet bean 
lima bean 
hyacinth bean 
winged bean 
soybean 
Vegetables 
bako (sdih) 
bawang putih ipetak) 
bayem 
bligu 
brambang 
coka 
kangkung 
pari 
sawi 
terong 
tomat 
Nicotiana tabacum 
Allium sativum 
Amaranthus sp 
Benincasa hispida 
Allium cepa 
Solanum torvum 
Ipomoea aquatica 
Momordica charantia 
Brassica rugeosa 
Solanum melongena 
Lycopersicon esculentum 
tobacco 
garlic 
amaranth 
wax gourd 
shallot 
swamp cabbage 
bitter gourd 
eggplant 
tomato 
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waluh Cucurbita moschata pumpkin 
Spices, condiments, medicinal herbs 
adas 
bengle 
jahe 
kemangi 
kencur 
kenikir 
kunir 
kunci 
lombok 
pandan 
sere 
suruh (sedah) 
tebu 
temu giring 
temu ireng 
temu lawak 
wijin 
Anethum graveolens 
Zingiber cassumunar 
Zingiber officinale 
Ocimum basilicum 
Kaempferia galanga 
Cosmos caudatus 
Curcuma domestica 
Gastrolichus panduratum 
Capsicum annuum 
Capsicum frutescens 
Pandanus sp 
Andropogon nardus 
Piper betle 
Saccharum officinale 
Curcuma heyneana 
Curcuma aeruginosa 
Curcuma xanthorriza 
Sesamum indicum 
dill 
ginger 
sweet basil 
turmeric 
chillies 
bird chillies 
citronella grass 
betel pepper 
sugarcane 
sesame 
Grasses, weeds 
alang-alang (kambengan) 
glagah 
kdld'njdnd 
krdkit 
krepak 
lulangan 
orok-orok 
wedusan 
Imperata cylindrica 
Saccharum spontaneum 
Pennisetum purpureum 
Panicum reptans 
Andropogon parviflorus 
Eleusine indica 
Crotalaria spp 
Ageratum sp 
lalang 
elephant grass 
wire grass 
Sources: Heyne, 1950; Purseglove, 1979; Everaarts, 1981; IBPGR Secretariat 
290 
Appendix 5 
Aerial photographs 
Aerial photographs available at the Centre for Remote Sensing (PUSPICS), Faculty of 
Geography, Gadjah Mada University, Yogyakarta, were examined. Photographs from 
different years were compared to find supporting evidence for the changes in land use 
that have occurred in the study area. They were t ^ e n from the following two series: 
- A run flown by PENNAS in September 1969 for the FAO Solo River Watershed 
Project, black & white, scale 1:50,000, camera Mg401 C 152.22, nrs INS 5 18A-654, 
655, 656, 657 and 693 
- A run commissioned by BAKOSURTANAL in October 1981 covering the whole of 
Java, black & white, scale 1:50,000, camera WILD C 153.42, nrs Z16-214D-2,3 and 
4. 
Also two photographs of the Panggang area taken by the US Air Force in 1945 
were found, but could not be used because of their very low quality. 
Photographs taken more recently than 1981 would have been more suitable. 
However, the interval between the present series is believed to be long enough for 
major changes to become apparent. Unfortunately, it proved impossible, despite 
considerable effort, to obtain stereo-pairs for all of the area under study. Therefore, 
most of the interpretation is based on monoscopic viewing. 
Two land use parameters were taken into consideration: the proportion of land 
under fallow and tree density. Terraces, except those in the valley bottoms, were too 
small to be identified on the photographs. 
LM.nd under fallow 
Fallowed patches of land on the hillslopes can be traced with some effort on the set 
from 1969, with least difficulty in the Mendak area. The photos were taken in 
September. The preceding months had been virtually devoid of rain, and the new rainy 
season had not yet set in (see monthly rainfall figures in appendix 1). As a result, the 
hillslope patches prepared for cultivation in September were still bare, showing their 
dark soils, starkly contrasting with the lighter fallow vegetation around them. For an 
area of 2 km2 on the ground, south-west of Mendak, an enlarged photograph (4x) was 
chosen for interpretation. The outlines of the hillslopes and the uncultivated areas were 
drawn on transparent paper (see figure). Total cleared area was measured with the aid of 
a planimeter. It was thus found that 42 per cent of the hillslopes had been cleared. 
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However, cleared areas could not be identified on the set of photographs taken in 
1981. The prints are not as sharp as those made in 1969. Conditions on the ground may 
also have been of importance. Rainfall was above average throughout the dry season 
and farmers probably already started planting in September in response to the early 
onset of the rains, notably in the Paliyan region. One month later, when the aerial 
photographs were taken, the culdvated portions of hillslope land must have already 
been covered with early season crops (the subsequent maize harvest already took place 
before the end of the year). Consequently, the visible contrast between fallowed land 
and cleared land on the 1981 photos is very small. The progressive spread of 
Chromolaena shrub, replacing Imperata grassland between 1969 and 1981, may also 
have reduced contrasts, a s the latter is likely to have a higher reflectance. As a result, 
only in a few cases could distinct differences in greytone between patches of hillslope 
land be discerned. Consequently, attempts to identify cultivated land on the 1981 
photographs remained largely fruitless. 
Tree density 
Large trees and clusters of trees appear fairly well as dots on both sets. Small trees, 
however, are probably not visible, nor are deciduous trees (teak), except perhaps for the 
largest ones. Since the most recent set of the two had been taken eight years before this 
study, ^ound observations to relate the images to actual condidons was considered to 
be of litde use. Notwithstanding this shortcoming, the method of counting 'tree dots' 
spread over a given sample area allows for comparisons across space and through time. 
To that end three sample areas of about 3 cm2, each near one of the three research 
hamlets, were selected. For each sample area tree dots were counted on enlarged 
photographs (4x) from both sets with the aid of a 10 mm square grid printed on a 
transparent overlay. Larger dots and continuous rows of trees were, somewhat 
arbitrarily, counted as a number of dots depending on size and lenght respectively. 
The resulting figures (Table 7.1) appear to correspond fairly well with the spatial 
patterns describedl, and even more so, with the historical patterns. However, a number 
of caveats seem appropriate considering the differences in photographic quality as well 
as weather conditions in the respective years. The 1969 photographs are somewhat 
sharper than those taken in 1981. On the latter, however, comparably more trees (teak) 
may be expected to show up because of the wetter conditions prevailing in 1981. It is 
difficult to say what the net effect would be. However, the above figures seem to 
indicate an increase in planted trees over time, but the quantitative rate of increase 
should not be taken as reliable. 
1. For Mendak it could not be helped that a few home gardens were included in the sample area (to avoid 
cloud cover elsewhere on the photograph). This may explain the unexpected high density for this hamlet. 
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Appendix 6 
The collection and processing of quantitative plot-related data 
Data collection 
Part of the data collected in the in-depth farm survey consisted of data on crop 
cultivation, trees, and physical conditions on landholdings. Each plot was visited once 
by the author accompanied by the farmer 1. A sketch was made of the footpaths leading 
to the plot and landmarks along the way so that I could find the plot again without the 
help of guides. The boundaries of the plot were established and measured, using a 50 m 
measuring tape, compass and Abney level. The farmer walked ahead of me, holding the 
end of the tape until the direction or the slope of the boundary changed. Length, 
direction and slope of most of the boundaries crossing fallowed hillslopes were 
estimated from an appropriate position, as struggling through the shrubs or cutting 
pathways would have been very time-consuming, and not very pleasant for either 
myself or the farmer2. A rough sketch was made of the plot indicating valley bottom 
land and terraces, cultivated and fallowed hillslopes. Where necessary, additional 
measurements of plot sections were made. Crops and crop combinations found on the 
land were recorded. Information was obtained from the farmer on land conditions, 
fallow/cultivation length of the hillslopes, cropping patterns, yields, the applicarion of 
fertilizers, labour inputs, the occurrence of pests and diseases, tree growing and any 
possible change that may have occurred over time with respect to these uses and 
conditions. Data on cropping were, as far as possible, obtained for valley bottoms and 
hillslopes separately. All measurements, observarions and information given by the 
fanner were recorded in a field note book. The use of pre-formatted sheets proved too 
cumbersome in the field (and too formal and threatening to the farmer). Also a fixed 
order of subjects was often not opponune. Therefore, only a checklist was used. The 
information was organized on formatted sheets after the survey. Supplementary plot-
specific information was obtained, in addition to other information, during interviews 
held later in the respondent's house. Most households in the in-depth survey were 
visited at home three to four times altogether. 
All plots were visited once again, and some more than once, without the company 
of the farmers, to obtain a more detailed description of land conditions, soil colour, 
signs of erosion, terrace quality, the estimated proportion of cultivable soil on 
hillslopes, fallow vegetation and various other observations. A tree inventory was 
carried out for all plot sections: valley bottom, cultivated hillslope, and fallowed 
hillslope, separately for different hills. All trees were counted, including seedlings, 
species were recorded and diameter at breast height^ and height were estimated, making 
regular checks using a centimetre tape and a hypsometer. Crown diameters (to establish 
canopy closure) were not measured. Additional information recorded included whether 
trees were growing on the plot boundaries or scattered across the field, whether they 
1. Participants in the in-depth survey were not paid for information, but for a field visit they were given 
Rp 1000, which is about the going rate for a full day of farm labour. 
2. When I first started informing the participants of the in-depth farm survey that I intended to measure 
the boundaries of their plots, the fanners appeared upset. After visiting two or three farmers, the reason of 
their distress became clear to me; they had been alarmed at the thought that they would have to crawl 
their way through the shrubs. From then onwards I was quick to point out that fallowed land would be 
estimated only {dikarang mawon). If I had not done so, much of their fallow land, I am sure, would not 
have been brought to my attention. 
3. For trees shorter than 150 cm, the thickest part of the stem was taken. 
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were fruit-bearing and whether they showed signs of coppicing. Of trees growing on 
fallowed hillslopes, only height was estimated. When necessary, species were identified 
with the aid of binoculars. Species which were in the beginning unknown to me were 
kindly identified by passers-by, or, samples of leaves or fruits were taken back to the 
village for identification. The return visits usually gave rise to a number of additional 
plot-related questions to the respondents put to them in subsequent house visits. 
Data processing 
1. Area calculations 
Plot boundary measurements were entered in a special designed spreadsheet template 
using SuperCalc 5. Each distance measured between two consecutive stations was 
divided in a horizontal component (h) and vertical component (v), calculated on the 
basis of the measured slope. The horizontal component was then disaggregated 
similarly into two dimensions, which were calculated by multiplying h with the sine of 
the forward compass bearing and by its cosine respectively. The accumulated values of 
these two-dimensional components served as coordinates of the stations on an x-axis 
and y-axis, allowing the stations to be mapped correctly as points in a graph. The 
accumulated values of the vertical component (v) were entered as a third variable and 
were printed as figures near each point (station), indicating altitude relative to the first 
station (entered as 0,0,0). They were used to interpolate contour lines (in black). Plot 
section measurements were processed separately and incorporated manually into the 
resulting plot maps. Estimated lengths, bearings and slopes of fallowed hillslopes were 
added after the measured part of the plot had been m a p p ^ . 
Subsequently, plot sections, and portions of plot sections with different crops, if 
any, were indicated on the plot maps on the basis of additional measurements and field 
sketches. Plot sections were coloured in: yellow for valley bottoms, light brown for 
hillsides cultivated longer than one year, dark brown for hillslopes cultivated shorter 
than one year and green for fallowed hillsides. Slope classes were identified by 
measuring the intervals between the contours lines, which was facilitated by the grid 
background of the maps. Three classes were used: 1. < 25%; 2. 26-50%, and 3. > 50%. 
Slope class boundaries were designated in blue. The boundaries of the classes indicating 
the cultivable proportion of the soil, ranging from 20% to 90%, were drawn in red. 
The areas of the plot sections, slope and cultivability classes and their 
combinations were calculated by counting the squares of the grid falling in each map 
unit and convening them into actual areas according to the ^ d scale. The area thus 
calculated is the adjusted area, i.e the perpendicular projection of the area onto the 
horizontal plane. The actual hillslope area is of course larger. However, since crop 
cultivation in the study hamlets takes place on fairly level terraces, adjusted area is all 
that is required. 
2. Data base files 
A plot unit file was created with a database management program (DBase4). A plot unit 
was defined as a plot section (valley bottom, cultivated hillslope, fallowed hillslope), or 
two or more portions of a plot section, if these ponions differed in cropping patterns or 
had been in cultivation/under fallow for different periods. For each plot unit a number 
of data were entered directly into this file. These were derived from plot measurements 
and observations as well as interviews with the fanners. They included plot section, 
area, status, length of fallow/cultivation, a combination of the distribution of slope 
classes and of cultivability classes, crop production, labour input, manure and fenilizer 
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input. The records were given identification codes for plot units, plots, households and 
hamlets, which allowed for aggregation into these categories. A total of 247 plot units 
were entered. 
All trees recorded in the in-depth farm survey were entered individually into a 
database file (21174 records). Variables included species, measured dimensions and 
location. Wood volumes for each record were added as a calculated field. Identification 
codes similar to the plot unit file were given for hamlet, farmer and plot units. This 
allowed for automatic linking of aggregated data from the tree file to the plot unit file. 
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Appendix 7 
Conversion rates used in calculations on crop and wood production 
1. Conversion rates of the more common local measures into metric units 
Measure 
Area^ 
1 kesuk/kenjing 
1 kotak 
1 cempluk 
Use and description Conversion 
valley bottom land: 
as much as can be ploughed 
by one person in one morning 
valley bottom land: 
one compartment, i.e. terrace 
hillside land: one 'hill' 
1000 m2 
500 m2 
5000 m2 
Crops 
1 batok 
1 beruk 
1 dangan 
1 tanggapan, unting 
1 agem, tekem 
1 tanggapan 
1 ombyok 
Wood 
1 linggit 
1 bongkok 
1 bongkok, uyun 
1 bongkok 
1 karong 
1 keranjang 
grains (seed): half a coconut 
husk full 
grains (seed): one coconut husk 
full 
grains (seed): as much as can be 
steamed in one go, about 4 beruk 
rice: bunch of stalks tied 
together, as much as can be held 
in one hand 
rice: bunch of stalks tied 
together, larger than tanggapan 
for attaching to carrying pole 
maize: cobs with leaves, tied 
together, as much as can be held 
in hand 
maize: 2 tanggapan ned together 
firewood for family use: 1 bunch 
of branches 
firewood for family use: 1 bunch 
/faggot of branches, split wood 
firewood for sale: 1 faggot, half 
a pikul 
firewood for sale: big faggot 
charcoal: one sack 
charcoal: one basket 
0.75 kg 
1.5 kg 
6 kg 
5 kg 
6 kg 
5 kg 
10 kg 
5 kg (0.005 m3) 
10 kg (0.01 m3) 
20 kg (0.028 m3) 
40 kg (0.056 m3) 
30 kg (0.11 m3) 
40 kg (0.15 m3) 
1. These were used in the general household survey and only when responents could not give more 
accurate estimates. 
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Manure 
1 kranjang/bedadok one basket 20 kg 
Various loads 
1 pikul/rembat 
1 gendong 
1sunggen 
one shoulderload carried by men 
with a carrying pole (pikulan) 
one backload carried by women 
in a carrying cloth (slendang) 
one headload 
40 kg 
20 kg 
20 kg 
n. Yield conversions (on weight basis) 
Original state Processed into: 
(valued at 1) 
Conversion 
rate 
Rice 
Rice in the stalk (wet; pari) 
(dry) 
Rice in the stalk (dry) 
Unhusked rice 
0.77 
unhusked rice (gabah) 
hulled rice (wos) 
Maize 
Maize in the cob (wet) maize in the cob (dry) 
Maize in the cob (dry) 
Dry grain 
Cassava 
Fresh tubers 
Peeled tubers 
Groundnut, soybean 
Wet pods 
Wood/charcoal 
Wood 
dry grain 
broken grain {wos jagung) 
peeled tubers 
dry tubers (gaplik) 
dry pods 
charcoal 
Source: Diperta, 1977: 78-79 
rice in the stalk 
0.80 
0.53 
0.75 
0.52 
0.93 
0.80 
0.45 
0.50 
0.40 
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Main plot data 
nr nr* hh ha name ps sd St area me yr rice mal cal gnl 
1 1 1 k pek 4 1 1 2014 99 75 24 20 0 
2 2 1 k pek 3 1 1 2927 30 0 0 0 0 
3 3 1 k gan 1 1 1 6426 99 825 136 1361 0 
4 4 1 k gan 2 1 1 5972 99 0 64 630 0 
5 5 1 k gan 3 1 1 5876 8 0 0 0 0 
6 6 2 k pek 4 1 1 1053 99 0 0 0 0 
7 7 2 k sem 1 1 1 759 99 117 30 160 0 
8 8 2 k sem 2 1 1 1964 99 0 40 160 0 
9 9 2 k nga 1 1 1 981 99 180 32 200 0 
10 10 2 k nga 2 1 1 705 6 0 8 50 0 
11 11 2 k nga 3 1 1 86 0 0 0 0 0 
12 12 3 k pek 5 1 1 855 99 0 4 20 40 
13 13 3 k bar 1 1 1 1365 99 255 10 240 0 
14 14 3 k bar 2 1 1 4000 99 45 6 120 0 
15 14 3 k bar 2 2 1 2550 99 0 4 80 0 
16 16 4 k pek 4 1 1 959 99 0 0 0 0 
17 17 4 k nga 1 1 1 575 99 45 67 133 0 
18 18 4 k nga 2 1 1 1214 3 0 51 103 0 
19 19 2 k bah 2 1 2500 n 1 45 40 400 0 
20 20 4 k pin 1 1 1 2512 99 150 160 600 0 
21 21 4 k pin 2 1 1 384 1 0 0 0 0 
22 22 4 k pin 3 1 1 3751 15 0 0 0 0 
23 23 4 k jan 1 1 5 2753 99 105 308 4360 0 
24 24 4 k jan 3 1 5 408 2 0 0 0 0 
25 25 4 k jan 2 1 5 68 1 0 0 0 0 
26 25 4 k jan 2 2 5 472 2 0 30 64 0 
27 25 4 k jan 2 3 5 1252 99 0 60 140 0 
28 28 5 k pek 4 1 1 1251 99 44 16 80 0 
29 29 5 k gan 1 1 1 1768 99 252 32 590 0 
30 30 5 k gan 2 1 1 796 2 0 8 160 0 
31 31 5 k gan 3 1 1 135 2 0 0 0 0 
32 32 5 k pol 1 1 1 833 99 36 15 250 0 
33 33 5 k po2 1 1 1 802 99 36 15 250 0 
34 34 5 k lun 2 1 1200 n 2 0 150 200 250 
35 35 6 k pek 5 1 1 1048 99 6 0 25 0 
36 36 6 k nan 2 1 1 2021 24 150 50 800 0 
37 37 6 k nan 3 1 1 970 9 0 0 0 0 
38 38 6 k nge 1 1 1 2040 99 180 30 600 0 
39 39 6 k nge 2 1 1 140 99 0 0 0 0 
40 40 6 k gan 1 1 1 649 99 99 16 264 0 
41 41 4 k bah 2 1 800 n 1 150 60 0 0 
42 42 6 k gan 2 1 1 1056 8 21 14 216 0 
43 43 6 k pom 1 1 1 587 99 0 20 100 0 
44 44 7 k pek 4 1 1 303 99 0 0 40 0 
45 45 7 k kla 2 1 1 1036 99 42 30 250 0 
46 45 7 k kla 2 2 1 1036 99 0 0 250 0 
47 47 7 k sew 1 1 5 2500 n 99 150 100 1200 0 
48 48 7 k cik 2 1 3 1000 n 1 0 30 0 0 
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nr nr* hh ha name ps sd st area me yr rice mal cal gnl 
49 49 8 k pek 4 1 1 599 99 0 8 30 0 
50 50 8 k cik 1 1 1 7110 99 600 59 676 0 
51 51 8 k cik 2 1 1 4115 99 0 21 214 0 
52 51 8 k cik 2 2 1 415 1 0 0 0 0 
53 53 8 k cik 3 1 1 128 4 0 0 0 0 
54 54 9 k pek 5 1 1 760 99 30 16 40 0 
55 55 9 k sem 1 1 1 954 99 180 116 776 0 
56 56 9 k sem 2 1 1 2000 99 0 25 150 20 
57 56 9 k sem 2 2 1 1000 2 0 10 74 13 
58 56 9 k sem 2 3 1 316 1 0 5 0 7 
59 59 9 k jeb 1 1 1 694 99 75 30 190 0 
60 60 9 k jeb 2 1 1 245 99 0 10 50 0 
61 61 9 k jeb 3 1 1 949 25 0 0 0 0 
62 62 10 k pek 4 1 2 1370 99 0 40 80 25 
63 63 10 k ben 1 1 1 1116 99 270 36 357 0 
64 64 10 k ben 2 1 1 807 6 0 14 143 10 
65 65 10 k ran 1 1 2 3318 99 174 37 470 0 
66 66 10 k ran 2 1 2 463 3 6 3 30 0 
67 67 11 I pek 5 1 1 342 99 0 10 25 0 
68 68 11 1 maj 2 1 1 485 1 27 20 80 0 
69 69 11 1 maj 3 1 1 12482 10 0 0 0 0 
70 70 11 1 pom 2 1 1 179 1 0 0 0 0 
71 71 11 1 pom 3 1 1 819 10 0 0 0 0 
72 72 11 1 kla 1 1 3 1045 99 30 0 300 0 
73 73 11 I kla 3 1 3 7664 15 0 0 0 0 
74 74 12 1 pek 4 1 1 1996 99 0 10 20 0 
75 75 12 1 pek 2 1 1 2508 99 0 20 30 0 
76 76 12 I ngr 1 1 1 5365 99 420 320 1000 0 
77 77 12 1 ngr 2 1 1 1721 2 30 30 100 0 
78 77 12 1 ngr 2 2 1 100 1 0 0 0 0 
79 79 12 1 ngr 3 1 1 5110 7 0 0 0 0 
80 80 12 1 nga 1 1 1 4341 99 330 150 500 0 
81 81 12 1 nga 3 1 1 3276 2 0 0 0 0 
82 82 13 1 pek 5 1 1 306 99 0 0 0 0 
83 83 13 1 bra 2 1 1 1990 8 0 150 175 25 
84 84 13 1 bra 3 1 1 840 0 0 0 0 0 
85 85 13 1 gem 1 1 1 784 99 36 65 100 60 
86 86 13 1 gem 2 1 1 1036 26 24 35 75 40 
87 87 13 1 dok 2 1 1 1335 1 0 50 0 100 
88 88 14 1 pek 4 1 1 1271 99 0 5 0 0 
89 89 14 1 tla 1 1 1 1601 99 45 25 150 0 
90 90 14 1 ila 3 1 1 325 99 0 0 0 0 
91 91 14 1 bab 1 1 1 1909 99 75 22 133 0 
92 92 14 1 bab 2 1 1 650 99 0 3 17 0 
93 93 14 1 sok 1 1 1 3070 99 90 44 147 0 
94 94 14 1 sok 2 1 1 3455 4 0 32 53 0 
95 95 14 1 sok 3 1 1 3065 5 0 0 0 0 
96 96 14 1 kar 2 1 1 513 10 0 20 175 0 
97 97 14 1 kar 3 1 1 2828 10 0 0 0 0 
98 98 15 ! pek 4 1 1 373 99 0 2 10 0 
99 99 15 1 pek 1 1 1 400 99 300 8 0 0 
100 100 15 1 kcm 1 1 1 2503 99 180 111 370 0 
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101 101 15 1 kem 2 1 1 916 2 0 9 30 0 
102 102 15 1 kern 3 1 1 1700 2 0 0 0 0 
103 103 15 1 kem 3 1 1753 1 0 0 0 0 
104 104 15 I wot 1 1 1 1144 99 108 111 111 0 
105 105 15 1 wot 2 1 1 766 3 0 30 60 0 
106 106 15 1 wot 2 1 540 1 15 10 0 0 
107 107 15 1 wot 3 1 1 1137 1 0 0 0 0 
108 108 16 1 pek 4 1 1 488 99 0 0 10 0 
109 109 16 1 pat 1 1 1 1267 99 90 34 135 0 
110 110 16 1 pat 2 1 1 148 99 1 2 5 0 
111 110 16 1 pat 2 1 1010 1 14 14 60 0 
112 112 16 1 pat 3 1 1 1616 2 0 0 0 0 
113 113 16 1 tur 1 1 1 1020 99 90 21 50 0 
114 114 16 1 tur 2 1 1 1662 2 0 19 20 0 
115 115 17 1 pek 4 1 1 693 99 0 0 0 0 
116 116 17 1 wet 2 1 1 115 1 18 6 25 0 
117 117 17 1 wet 2 1 53 2 12 4 15 0 
118 118 17 1 wet 3 1 1 1800 0 0 0 0 0 
119 119 17 1 wun 2 1 1 1165 5 30 10 60 0 
120 120 17 1 wun 3 1 1 1076 2 0 0 0 0 
121 121 17 1 kep 1 1 1 568 99 60 40 300 0 
122 122 17 1 kep 3 1 1 2382 4 0 0 0 0 
123 123 18 1 pek 4 1 3 539 99 0 0 0 0 
124 124 18 1 brl 2 1 3 1434 2 0 50 75 0 
125 124 18 1 brl 2 3 89 1 0 0 0 0 
126 126 18 1 brl 3 1 3 1352 2 0 0 0 0 
127 126 18 I brl 3 3 2028 15 0 0 0 0 
128 128 18 1 br2 1 1 3 1013 99 90 40 300 0 
129 129 18 1 br2 3 1 3 1660 4 0 0 0 0 
130 130 18 1 rur 1 1 3 518 99 0 20 200 0 
131 131 18 1 rur 3 1 3 4633 6 0 0 0 0 
132 132 19 1 pek 5 1 1 775 99 6 10 50 0 
133 133 19 1 pek 2 1 1 1213 99 9 14 50 0 
134 134 19 1 sem 2 1 1 3261 4 54 50 200 0 
135 135 19 1 sri 2 1 1 243 2 6 0 0 0 
136 135 19 1 sri 2 1 213 1 6 0 0 0 
137 137 19 1 sri 3 1 1 2662 3 0 0 0 0 
138 138 20 1 pek 4 1 1 842 99 15 10 20 0 
139 139 20 1 pek 3 1 1 790 99 0 0 0 0 
140 140 20 1 ges 2 1 1 2238 99 60 160 220 0 
141 140 20 1 ges 2 1 500 99 15 40 80 0 
142 142 20 1 ges 3 1 1 239 99 0 0 0 0 
143 143 20 1 ble 1 1 1 765 99 45 50 100 0 
144 144 20 1 ble 3 1 1 1815 4 0 0 0 0 
145 145 20 1 ble 3 1 900 1 0 0 0 0 
146 145 20 1 ble 3 1 900 3 0 0 0 0 
147 147 20 I nge 1 1 1 1491 99 30 40 108 0 
148 148 20 1 nge 2 1 1 1000 3 0 20 32 0 
149 149 20 1 nge 2 1 965 4 0 20 30 0 
150 149 20 1 nge 2 3 1 900 99 6 20 30 0 
151 151 20 1 nge 2 1 298 1 0 0 0 0 
152 152 20 1 nge 3 1 1 400 4 0 0 0 0 
153 153 20 1 nge 3 2 1 1170 3 0 0 0 0 
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154 154 21 m pek 5 1 1 863 99 0 0 0 0 
155 155 21 m san 1 1 1 1093 99 68 40 180 0 
156 156 21 m san 2 1 1 1447 99 68 40 180 7 
157 157 21 m nga 2 1 1 4148 5 75 120 240 0 
158 157 21 m nga 2 2 1 367 1 0 0 0 0 
159 159 21 m nga 3 1 1 2500 6 0 0 0 0 
160 159 21 m nga 3 2 1 2895 10 0 0 0 0 
161 161 22 m pek 4 1 1 138 99 0 0 0 0 
162 162 22 m san 2 1 3 2107 17 75 16 250 0 
163 163 22 m san 2 2 3 1811 17 0 16 150 0 
164 164 22 m san 3 1 3 2491 6 0 0 0 0 
165 165 22 m ngr 2 1 4 538 4 0 30 130 0 
166 165 22 m ngr 2 2 4 269 1 0 18 70 0 
167 167 22 m ngr 3 1 4 1327 10 0 0 0 0 
168 168 22 m kar 2 1 4 659 4 75 90 120 0 
169 169 22 m kar 3 1 4 42 0 0 0 0 0 
170 170 23 m pek 4 1 1 553 99 0 0 0 0 
171 171 23 m pom 2 1 1 405 0 0 0 0 0 
172 172 23 m pom 3 1 1 554 99 0 0 0 0 
173 173 23 m kra 1 1 1 1221 99 90 100 200 20 
174 174 23 m kra 2 1 1 538 1 0 0 0 0 
175 175 23 m kra 3 1 1 3013 5 0 0 0 0 
176 176 23 m sum 1 1 1 2063 99 210 100 400 0 
177 177 23 m sum 2 1 1 708 3 0 25 100 0 
178 177 23 m sum 2 2 1 704 2 0 25 100 0 
179 177 23 m sum 2 3 1 225 1 0 0 0 0 
180 180 23 m sum 3 1 1 4802 15 0 0 0 0 
181 181 24 m pek 4 1 1 944 99 0 0 0 0 
182 182 24 m pek 3 1 1 954 10 0 0 0 0 
183 183 24 m tur 1 1 1 3450 99 432 62 390 0 
184 184 24 m lur 2 1 1 1199 99 0 18 110 0 
185 184 24 m tur 2 2 1 764 1 0 0 0 0 
186 186 24 m tur 3 1 1 462 99 0 0 0 0 
187 187 24 m war 2 1 2 389 1 0 0 0 0 
188 188 24 m war 2 2 2 450 2 9 5 100 0 
189 189 24 m war 2 3 2 1314 3 27 10 220 0 
190 190 24 m war 3 1 2 8741 10 0 0 0 0 
191 191 25 m pek 4 1 1 1305 99 0 10 0 0 
192 192 25 m dok 1 1 1 4860 99 300 140 800 0 
193 193 25 m dok 2 1 1 1345 5 0 10 200 10 
194 194 25 m dok 3 1 1 4379 10 0 0 0 0 
195 195 26 m pek 5 1 1 324 99 0 0 0 0 
196 196 26 m pek 3 1 1 104 99 0 0 0 0 
197 197 26 m muk 1 1 1 1570 99 0 38 0 100 
198 198 26 m muk 2 1 1 757 0 0 10 0 0 
199 199 26 m muk 3 1 1 99 99 0 0 0 0 
200 200 26 m day 1 1 1 4315 99 375 240 1200 0 
201 201 26 m day 2 1 1 840 1 0 0 0 0 
202 202 26 m day 3 1 1 1635 4 0 0 0 0 
203 203 26 m day 3 2 1 1550 5 0 0 0 0 
204 204 27 m pek 5 1 1 203 99 0 0 0 0 
205 205 27 m nge 1 1 4 645 99 17 8 160 0 
206 206 27 m nge 2 1 4 2863 99 44 22 240 0 
nr nr* hh ha name ps sd St 
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area me yr rice ma l cal gnl 
207 207 27 m nge 3 1 4 1688 3 0 0 0 0 
208 208 27 m kle 2 1 5 2862 2 0 0 400 0 
209 209 27 m kle 3 1 5 1000 2 0 0 0 0 
210 209 27 m kle 3 5 688 1 0 0 0 0 
211 211 28 m pek 4 1 1 1014 99 0 0 0 0 
212 212 28 m wer 1 1 1 499 99 72 25 200 0 
213 213 28 m ngu 1 1 5 3725 99 450 96 400 0 
214 214 28 m pul 2 1 1 2038 2 60 20 0 0 
215 214 28 m pul 2 1 650 1 0 0 0 0 
216 216 28 m pul 3 1 1 3089 5 0 0 0 0 
217 217 29 m pek 4 1 1 624 99 0 0 0 0 
218 218 29 m kin 1 1 1 3775 99 189 44 520 0 
219 219 29 m kin 2 1 1 3705 4 111 26 245 0 
220 219 29 m kin 2 1 648 1 0 0 0 0 
221 221 29 m kin 3 1 1 15006 7 0 0 0 0 
222 222 29 m tur 1 1 1 1677 99 150 48 400 0 
223 223 29 m lur 3 1 1 1359 15 0 0 0 0 
224 224 29 m pri 1 1 3 276 99 74 22 45 0 
225 225 29 m pri 2 1 3 236 99 2 2 5 0 
226 226 30 m pek 4 1 269 99 0 0 0 0 
227 227 30 m tur 1 1 1 2195 99 180 90 440 0 
228 228 30 m tur 3 1 1 506 99 0 0 0 0 
229 229 30 m pul 1 1 3476 99 33 85 540 20 
230 230 30 m pul 2 1 366 2 3 5 60 0 
231 230 30 m pul 2 3 403 1 0 0 0 0 
232 232 30 m pul 3 1 4410 7 0 0 0 0 
233 233 30 m pan 1 1 1 1012 99 84 48 120 0 
234 234 30 m pan 2 1 1 426 1 0 0 0 0 
235 235 30 m pan 3 1 1 2560 4 0 0 0 0 
236 236 18 1 kub 2 1 500 n 16 0 10 50 0 
237 237 21 m san 3 1 1 1162 10 0 0 0 0 
238 238 15 1 wot 2 3 1 657 1 0 0 0 0 
239 238 15 1 wot 2 6 657 1 0 0 0 0 
240 240 3 k pek 1 1 8 865 0 0 0 0 0 
241 241 12 I nga 2 1 8 190 0 0 0 0 0 
242 242 12 1 nga 3 1 8 1010 0 0 0 0 0 
243 243 20 1 sew 1 1 8 3000 n 0 0 0 0 0 
244 244 21 m nga 1 1 8 6000 n 0 0 0 0 0 
245 245 30 m pul 2 1 8 250 0 0 0 0 0 
246 246 25 m dok 2 2 1 560 1 0 0 0 0 
247 247 14 1 bab 3 1 1 196 0 0 0 0 0 
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nr sbl ma2 ca2 gn2 sb2 man urea TSP es if Ih 
1 0 0 0 0 2 175 25 0 0.0 0.0 
2 0 0 0 0 0 0 0 0 
3 0 0 0 136 0 1225 51 0 264.0 0.0 
4 0 10 0 64 0 135 0 0 144.0 0.0 
5 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 
7 0 0 0 150 0 160 40 0 75.5 0.0 
8 0 0 0 0 0 245 0 0 66.0 0.0 
9 0 0 0 150 0 98 20 10 91.0 0.0 
10 0 0 0 0 0 27 5 3 20.0 0.0 
11 0 0 0 0 0 0 0 0 
12 3 0 0 5 0 70 5 0 
13 0 0 0 45 0 525 0 0 76.0 0.0 
14 0 0 20 15 0 0 40 0 92.5 0.0 
15 0 0 20 0 0 0 10 0 39.5 0.0 
16 0 0 0 0 0 0 0 0 
17 0 0 0 60 0 25 50 25 20.9 9.0 
18 0 0 0 0 0 25 0 0 44.9 9.0 
19 0 0 0 0 0 0 10 0 n 165.8 45.0 
20 0 0 0 400 0 450 150 50 178.5 74.0 
21 0 0 0 0 0 0 0 0 42.9 0.0 
22 0 0 0 0 0 0 0 0 
23 0 0 0 200 0 145 200 150 205.0 70.0 
24 0 0 0 0 0 0 0 0 
25 0 0 0 0 0 0 0 0 13.6 0.0 
26 0 0 0 0 0 10 0 0 12.7 0.0 
27 0 0 0 0 0 40 0 0 43.5 0.0 
28 0 0 0 0 0 175 5 0 
29 0 0 0 75 0 50 25 25 92.7 0.0 
30 0 0 0 0 0 0 0 0 22.3 0.0 
31 0 0 0 0 0 0 0 0 
32 0 0 0 0 0 100 10 0 n 43.0 0.0 
33 0 0 0 0 0 100 10 0 n 42.6 0.0 
34 0 0 0 0 0 0 0 0 n 126.3 0.0 
35 0 0 0 0 0 50 0 0 
36 0 30 0 150 0 400 30 30 78.0 0.0 
37 0 0 0 0 0 0 0 0 
38 0 0 0 90 0 400 25 25 98.0 21.0 
39 0 0 0 0 0 0 0 0 0.0 0.0 
40 0 11 0 60 0 110 20 30 63.3 20.0 
41 0 0 0 0 0 0 0 0 n 64.6 10.0 
42 0 0 0 0 0 90 0 0 42.3 10.0 
43 0 10 0 20 0 40 15 15 n 32.3 0.0 
44 0 0 0 0 0 0 0 0 
45 0 0 0 0 0 875 20 20 73.0 12.0 
46 0 0 0 0 0 0 5 5 36.5 13.0 
47 0 0 0 120 0 500 60 10 n 159.1 0.0 
48 0 0 0 0 0 80 5 5 n 29.0 0.0 
49 0 0 0 5 0 0 0 0 
50 0 20 0 200 0 3000 108 0 324.9 0.0 
51 0 0 0 0 0 0 42 0 94.0 0.0 
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52 0 0 0 0 0 0 0 0 n 43.5 0.0 
53 0 0 0 0 0 0 0 0 
54 0 0 0 30 0 105 2 0 
55 0 0 0 120 0 1015 25 0 92.0 0.0 
56 0 0 15 0 0 400 10 0 109.0 0.0 
57 0 0 10 0 0 250 5 0 53.5 0.0 
58 0 0 10 0 0 100 0 0 37.4 0.0 
59 0 0 0 120 0 0 20 0 66.8 0.0 
60 0 0 0 0 0 0 0 0 18.8 0.0 
61 0 0 0 0 0 0 0 0 
62 0 0 0 0 0 0 0 0 
63 0 20 0 100 0 700 72 0 71.6 0.0 
64 0 0 40 0 25 0 28 0 27.3 0.0 
65 0 0 0 200 0 330 47 0 199.0 0.0 
66 0 0 0 0 0 20 3 0 23.7 0.0 
67 0 0 0 0 0 0 0 0 
68 0 0 0 0 0 0 5 1 n 109.0 0.0 
69 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 4 0 n 5.6 0.0 
71 0 0 0 0 0 0 0 0 
72 0 0 0 0 0 0 15 0 n 51.2 0.0 
73 0 0 0 0 0 0 0 0 
74 0 0 0 0 0 0 0 0 
75 0 0 0 0 0 100 15 15 n 84.8 0.0 
76 0 0 0 150 0 875 40 35 121.8 42.0 
77 0 0 0 0 0 175 0 0 25.3 10.0 
78 0 0 0 0 0 0 0 0 n 14.0 0.0 
79 0 0 0 0 0 0 0 0 
80 0 0 0 100 0 700 50 25 123.0 120.0 
81 0 0 0 0 0 0 0 0 
82 0 0 0 0 0 0 0 0 
83 0 0 0 0 0 200 30 15 55.8 ,0.0 
84 0 0 0 0 0 0 0 0 
85 0 0 0 60 0 200 25 25 50.7 0.0 
86 0 0 25 40 0 150 15 15 61.4 0.0 
87 0 0 0 100 0 0 25 25 83.6 40.0 
88 0 0 0 0 0 0 0 0 
89 0 0 0 0 0 0 50 0 72.9 0.0 
90 0 0 0 0 0 0 0 0 
91 0 0 0 35 0 95 45 0 105.1 0.0 
92 0 0 0 5 0 10 5 0 20.3 0.0 
93 0 0 0 100 0 300 40 0 168.5 0.0 
94 0 0 10 0 0 10 5 0 71.1 0.0 
95 0 0 0 0 0 0 0 0 
96 0 0 0 0 0 0 0 0 48.0 0.0 
97 0 0 0 0 0 0 0 0 
98 0 0 0 0 0 10 4 0 
99 20 0 0 0 0 60 102 25 21.2 0.0 
100 0 0 0 170 0 875 60 30 89.1 23.0 
101 0 0 0 0 0 0 0 0 16.4 1.0 
102 0 0 0 0 0 0 0 0 
103 0 0 0 0 0 0 0 0 
104 0 0 0 70 0 175 25 5 64.7 0.0 
304 
nr sbl ma2 ca2 gn2 sb2 man urea TSP es If Ih 
105 0 0 0 0 0 0 0 0 23.2 0.0 
106 0 0 0 0 0 0 0 0 n 54.8 0.0 
107 0 0 0 0 0 0 0 0 
108 0 0 0 0 0 0 0 0 
109 0 0 0 30 0 250 17 0 78.5 3.0 
110 0 0 0 0 0 0 1 0 0.0 0.0 
111 0 0 0 0 0 0 7 0 107.0 30.0 
112 0 0 0 0 0 0 0 0 
113 0 0 0 40 0 105 15 0 58.2 0.0 
114 0 0 10 0 0 0 0 0 44.4 0.0 
115 0 0 0 0 0 0 0 0 
116 0 0 0 0 0 10 1 0 14.9 0.0 
117 0 0 0 0 0 10 1 0 6.5 0.0 
118 0 0 0 0 0 0 0 0 
119 0 0 0 0 0 100 5 0 34.3 0.0 
120 0 0 0 0 0 0 0 0 
121 0 0 0 90 0 200 15 0 36.8 0.0 
122 0 0 0 0 0 0 0 0 
123 12 0 0 0 0 0 0 0 
124 0 0 20 0 0 0 0 0 39.1 0.0 
125 0 0 0 0 0 0 0 0 n 9.0 0.0 
126 0 0 0 0 0 0 0 0 
127 0 0 0 0 0 0 0 0 
128 0 0 0 50 0 780 13 0 58.2 0.0 
129 0 0 0 0 0 0 0 0 
130 50 0 0 25 0 520 13 0 32.4 0.0 
131 0 0 0 0 0 0 0 0 
132 0 0 0 0 0 40 1 0 
133 0 0 0 0 0 60 2 0 57.3 0.0 
134 0 0 0 0 0 400 50 0 100.3 25.0 
135 0 0 0 0 0 20 3 0 n 9.4 0.0 
136 0 0 0 0 0 20 3 0 n 24.2 0.0 
137 0 0 0 0 0 0 0 0 
138 0 0 0 0 0 0 3 0 
139 0 0 0 0 0 0 0 0 
140 0 0 0 0 0 700 15 4 92.8 0.0 
141 0 0 0 100 0 300 5 1 41.2 0.0 
142 0 0 0 0 0 0 0 0 
143 0 0 0 20 0 0 15 5 41.9 0.0 
144 0 0 0 0 0 0 0 0 
145 0 0 0 0 0 0 0 0 
146 0 0 0 0 0 0 0 0 
147 0 0 0 50 0 330 20 10 54.0 0.0 
148 0 0 0 0 0 0 0 0 17.5 0.0 
149 0 0 0 0 0 0 0 0 17.0 0.0 
150 0 0 0 0 0 70 10 0 n 18.8 0.0 
151 0 0 0 0 0 0 0 0 n 31.4 0.0 
152 0 0 0 0 0 0 0 0 
153 0 0 0 0 0 0 0 0 
154 0 0 0 0 0 0 0 0 
155 0 0 0 60 0 350 15 0 60.0 0.0 
156 0 0 0 60 0 350 10 0 61.0 0.0 
157 0 0 20 0 0 0 50 0 104.0 0.0 
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158 0 0 0 0 0 0 10 0 n 22.5 0.0 
159 0 0 0 0 0 0 0 0 
160 0 0 0 0 0 0 0 0 
161 0 0 0 0 0 0 0 0 
162 0 0 0 0 0 1000 15 0 110.0 0.0 
163 0 0 0 0 0 400 8 0 55.0 0.0 
164 0 0 0 0 0 0 0 0 
165 0 0 0 0 0 150 14 0 26.3 0.0 
166 0 0 0 0 0 95 7 0 34.0 0.0 
167 0 0 0 0 0 0 0 0 
168 0 0 0 0 25 0 0 0 101.1 0.0 
169 0 0 0 0 0 0 0 0 
170 0 0 0 0 0 0 0 0 
171 0 0 0 0 0 0 0 0 13.5 0.0 
172 0 0 0 0 0 0 0 0 
173 0 0 0 150 0 500 25 10 75.8 0.0 
174 0 0 0 0 0 8 5 0 n 11.6 60.0 
175 0 0 0 0 0 0 0 0 
176 0 0 0 160 0 1000 50 50 174.0 0.0 
177 0 0 0 0 0 0 0 0 32.0 0.0 
178 0 0 0 0 0 0 25 0 35.0 0.0 
179 0 0 0 0 0 0 25 0 n 27.0 0.0 
180 0 0 0 0 0 0 0 0 
181 0 0 0 0 0 0 0 0 
182 0 0 0 0 0 0 0 0 
183 0 0 0 150 0 1645 59 0 106.0 54.0 
184 0 0 0 0 0 455 16 0 72.0 49.0 
185 0 0 0 0 0 0 0 0 n 26.0 8.0 
186 0 0 0 0 0 0 0 0 
187 0 0 0 0 0 0 0 0 36.5 0.0 
188 0 0 20 0 0 0 0 0 17.1 0.0 
189 0 0 40 0 0 0 50 0 44.7 8.0 
190 0 0 0 0 0 0 0 0 
191 0 0 0 0 0 0 0 0 
192 0 40 0 300 0 350 100 0 168.8 0.0 
193 0 0 0 0 0 0 0 0 33.0 0.0 
194 0 0 0 0 0 0 0 0 
195 0 0 0 0 0 0 0 0 
196 0 0 0 0 0 0 0 0 
197 0 10 0 0 0 0 12 0 84.2 0.0 
198 0 0 0 0 0 0 2 0 20.1 0.0 
199 0 0 0 0 0 0 0 0 
200 0 0 0 50 0 1820 65 0 220.0 0.0 
201 0 0 0 0 0 0 30 0 48.9 0.0 
202 0 0 0 0 0 0 0 0 
203 0 0 0 0 0 0 0 0 
204 0 0 0 0 0 0 0 0 
205 0 0 0 10 0 200 20 0 45.3 0.0 
206 0 0 0 0 0 300 20 0 97.8 0.0 
207 0 0 0 0 0 0 0 0 
208 0 0 0 0 0 0 100 0 85.0 0.0 
209 0 0 0 0 0 0 0 0 
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210 0 0 0 0 0 0 0 0 
211 0 0 0 0 0 0 0 0 
212 0 0 0 0 30 0 5 0 31.1 0.0 
213 0 0 0 0 0 525 100 0 237.6 0.0 
214 0 0 0 0 0 0 50 0 217.4 0.0 
215 0 0 0 0 0 0 0 0 66.8 0.0 
216 0 0 0 0 0 0 0 0 
217 0 0 0 0 0 0 0 0 
218 0 0 0 40 40 0 50 0 290.1 72.0 
219 0 0 0 0 0 0 0 0 27.5 0.0 
220 0 0 0 0 0 0 0 0 58.9 0.0 
221 0 0 0 0 0 0 0 0 
222 0 0 0 150 0 175 50 0 106.4 0.0 
223 0 0 0 0 0 0 0 0 
224 0 0 0 0 50 0 0 0 57.0 0.0 
225 0 0 0 0 0 0 0 0 0.0 0.0 
226 0 0 0 0 0 0 0 0 
227 0 0 0 100 0 175 50 0 105.0 13.0 
228 0 0 0 0 0 0 0 0 
229 0 40 0 200 0 0 27 0 177.3 0.0 
230 0 0 40 0 0 0 3 0 13.3 ,0.0 
231 0 0 0 0 0 0 0 0 n 69.0 ,0.0 
232 0 0 0 0 0 0 0 0 
233 0 0 0 25 25 0 20 0 55.4 ,0.0 
234 0 0 0 0 0 0 0 0 n 44.5 0.0 
235 0 0 0 0 0 0 0 0 
236 0 0 0 0 0 0 3 3 n 14.9 0.0 
237 0 0 0 0 0 0 0 0 
238 0 0 0 0 0 0 6 0 n 62.9 0.0 
239 0 0 0 0 0 0 6 0 n 62.9 0.0 
240 0 0 0 0 0 0 0 0 
241 0 0 0 0 0 0 0 0 n 
242 0 0 0 0 0 0 0 0 
243 0 0 0 0 0 0 0 0 n 
244 0 0 0 0 0 0 0 0 
245 0 0 0 0 0 0 0 0 
246 0 0 0 0 0 0 0 0 28.7 40.0 
247 0 0 0 0 0 0 0 0 
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Appendix 8: continued 
nr* area dc stock tree sap nr* area dc stock tree sap 
1 2014 27.7 114 1 64 807 0.5 8 6 
2 2927 32.4 116 9 65 3318 0 0 0 
3 6426 9.6 16 1 66 463 0 0 0 
4 5972 54.5 184 37 67 342 1.1 4 51 
5 5876 12.7 36 2 68 485 0.2 6 4 
6 1053 10.5 77 26 69 12482 4.0 63 51 
7 759 0.1 3 0 70 179 0 0 0 
8 1964 4.4 53 52 71 819 1.8 14 40 
9 981 0.5 2 1 72 1045 3.8 18 12 
10 705 3.0 14 15 73 7664 8.8 74 46 
11 86 0 0 0 74 1996 16.0 74 19 
12 855 10.2 85 17 75 2508 3.9 32 202 
13 1365 2.0 4 0 76 5365 6.6 21 11 
14 6550 7.3 76 36 77 1821 0.9 26 37 
16 959 10.1 60 10 79 5110 5.4 67 17 
17 575 0 0 0 80 4341 4.1 141 8 
18 1214 0 0 62 81 3276 4.9 26 67 
20 2512 0.9 4 2 82 306 0.6 6 1 
21 384 0.9 12 3 83 1990 1.8 27 198 
22 3751 11.7 30 1 84 840 0 0 0 
23 2753 0 0 0 85 784 3.0 23 12 
24 408 0 0 0 86 1036 0.6 20 85 
25 1792 o 0.1 5 20 87 1335 1.0 15 85 
28 1251 10.9 55 9 88 1271 4.8 37 3 
29 1768 0.4 5 0 89 1601 3.4 9 0 
30 796 2.1 27 25 90 325 1.6 12 14 
31 135 0 0 0 91 1909 3.2 14 0 
32 833 0.8 5 4 92 650 4.9 26 15 
33 802 7.4 41 19 93 3070 13.3 46 3 
35 1048 1.6 15 58 94 3455 9.3 78 86 
36 2021 0.1 3 18 95 3065 15.3 146 31 
37 970 0 0 0 96 513 2.9 31 32 
38 2040 0.2 3 3 97 2828 5.1 76 35 
39 140 0.8 13 13 98 373 1.9 12 7 
40 649 0.3 2 3 99 400 0.9 10 0 
42 1056 4.4 10 14 100 2503 1.3 19 5 
43 587 2.1 11 0 101 916 0.6 11 24 
44 303 0.3 3 1 102 1700 0.7 9 49 
45 2072 0.8 21 54 103 1753 1.1 33 53 
49 599 5.3 32 6 104 1144 2.9 5 3 
50 7110 0.5 8 3 105 766 1.1 2 10 
51 4530 4.7 93 95 106 540 0 0 1 
53 128 0 0 0 107 1137 1.2 10 24 
54 760 9.2 67 6 108 488 4.9 13 3 
55 954 0.5 5 1 109 1267 1.6 13 7 
56 3316 0 1.9 42 38 110 1158 6.6 45 30 
59 694 0 0 0 112 1616 2.4 42 117 
60 245 1.3 5 3 113 1020 0.5 6 1 
61 949 0.3 7 2 114 1662 0.7 13 67 
62 1370 3.2 18 0 115 693 3.2 19 11 
63 1116 0 0 0 116 115 0.2 4 6 
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118 1800 2.4 27 12 181 944 9.5 16 0 
119 1165 3.8 67 112 182 954 35.1 97 23 
120 1076 1.2 19 24 183 3450 7.1 61 32 
121 568 2.7 16 1 184 1963 7.9 76 70 
122 2382 1.0 19 13 186 462 3.5 36 17 
123 539 10.6 29 0 189 1314 2.5 39 28 
124 1523 2.2 15 27 190 8741 2.3 32 20 
126 3380 2.0 13 6 191 1305 8.5 31 2 
128 1013 2.4 7 3 192 4860 1.0 12 13 
129 1660 0.2 5 4 193 1345 0.4 7 9 
130 518 1.9 7 5 194 4379 2.7 42 21 
131 4633 9.5 26 4 195 324 1.0 14 4 
132 775 1.6 10 11 196 104 0 0 0 
133 1213 2.2 15 34 198 757 0 3 7 
134 3261 5.0 90 122 199 99 0.3 2 5 
135 456 3.5 13 25 200 4315 0.6 8 6 
137 2662 4.6 46 23 201 840 0 0 1 
138 842 9.1 23 11 202 1635 1.0 13 12 
139 790 36.6 15 15 203 1550 0.1 3 4 
140 2738 8.6 50 93 204 203 3.0 10 5 
142 239 0 0 0 205 645 0 3 1 
143 765 5.6 11 2 206 2863 0.4 18 19 
144 1815 4.3 39 47 207 1688 0.5 9 40 
145 1800 7.3 32 36 208 2862 0 2 1 
147 1491 1.7 23 1 209 1688 0 0 2 
148 1000 1.5 43 58 211 1014 2.3 15 8 
149 1865 8.6 75 182 212 499 2.5 5 1 
151 298 0.1 2 6 213 3725 0 0 0 
152 400 1.1 22 14 214 2688 1.4 12 49 
153 1170 0.6 23 17 216 3089 0 0 14 
154 863 2.0 7 1 218 3775 0.5 6 3 
155 1093 0 0 0 219 4353 0.8 14 22 
156 1447 1.8 16 16 221 15006 2.4 44 41 
157 4515 3.0 38 15 222 1677 1.0 4 3 
159 5395 2.4 36 24 223 1359 0.3 13 15 
161 138 0.2 3 0 224 1276 2.6 21 7 
162 2107 0 0 0 225 236 0.4 3 4 
163 1811 0 2 6 226 269 0 0 0 
164 2491 0.8 4 2 227 2195 1.9 4 1 
165 807 3.0 19 1 228 506 0.3 4 7 
167 1327 2.7 38 21 229 3476 0 0 2 
168 659 1.9 18 34 230 769 1.2 3 14 
169 42 0 0 0 232 4410 0 3 34 
170 553 0.4 3 0 233 1012 2.2 3 0 
171 405 0 0 0 234 426 0.3 7 13 
172 554 0 0 0 235 2560 0.4 13 7 
173 1221 0 0 0 237 1162 3.1 16 7 
174 538 0.2 5 17 238 1314 0.7 17 36 
175 3013 2.5 50 33 240 865 0.3 4 2 
176 2063 0.2 1 0 241 190 0 0 6 
177 1637 0.7 18 17 247 196 1.5 8 2 
180 4802 3.4 35 16 
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Explanation: 
nr 
nr* 
hh 
ha 
na 
ps 
sd 
St 
area 
me 
yr 
rice 
mal 
cal 
gnl 
sbl 
ma2 
ca2 
gnl 
sb2 
man 
urea 
TSP 
es 
If 
Ih 
dc 
stock 
tree 
sap 
plot unit number 
plot unit number used in tree count 
household number 
hamlet (k = Kepek, 1 = Legundi, m = Mendak) 
name location 
plot section (1 = valley, 2 = cultivated hillside, 3 = fallowed, 4 = home garden: valley, 5 = 
home garden: cultivated hillside) 
subdivision 
status (1 = owner-operated, 2 = shared, 3 = borrowed from parents, 4 = borrowed from 
someone else, 5 = rented, 6 = share-cropped from someone, 7. forest land, 8 = rented/share-
cropped to someone) 
area (m2) 
whether or not measured (n = not measured) 
duration of cultivation/fallow (years) 
rice (dry grain {gabah)\ kg) 
first season maize, Oct/Nov-Jan/Feb (dry grain; kg) 
first season cassava, Oct/Nov-June/July (gaplet, kg) 
first season groundnut, Oct/Nov - Jan/Feb (dry pods, kg) 
first season soybean, Oct/Nov - Jan/Feb (dry pods, kg) 
second season maize, Feb/Mar-May/June (dry grain; kg) 
second season cassava, Feb/Mar-Dec/Jan {gaplet, kg) 
second season groundnut, Feb/Mar-May/June (dry pods; kg) 
second season soybean, Feb/Mar-May/June (dry pods; kg) 
stable manure/compost (kg) 
urea (kg) 
triple superphosphate (kg) 
farmer's estimate or not (n = my own estimate) 
family labour input (workerdays) 
hired labour (workerdays) 
includes parts cultivated for different periods 
standing stock (m3) 
number of trees with a diameter at breast height of 5 cm or more 
number of trees with a diameter at breas height of 4 cm or below (selected species: teak, 
mahogany, Acacia auriculiformis, wesen, sand keling) 
Appendix 9 
Household/farm data 
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Kepek: 
household code: 
- plot unit file 
- text 
1 
K1 
2 
K7 
3 
KIO 
4 
KS 
5 
K5 
6 
K4 
7 
K8 
8 
K2 
9 
K9 
10 
K6 
Size 4 3 4 5 8 5 5 6 4 4 
School-going children 0 0 0 1 0 0 0 1 0 0 
Labour force'^ 2.5 2.5 2.5 2.5 5.5 3.0 3.5 5.0 3.5 3.0 
Landholding (ha) 2.32 0.81 0.88 1.52 0.68 0.85 0.59 1.24 0.69 0.71 
Cattle^ 0 1 0 0 0 1 1 2 0 
Goats'' 1 0 *2 1 2 0 *1 *1 1 2 
Standing stock (m3) 120 16 17 21 19 8 1 9 12 3 
Net income (xlOOO Rp) 
Crops 472 272 196 537 397 439 240 390 329 356 
Wood 30 38 14 0 0 0 0 0 0 0 
Livestock 90 112 23 15 39 83 45 117 196 30 
Off-farm work 0 30 25 500 190 56 0 100 0 15 
Remittances 0 0 30 0 0 150 0 30 30 0 
Rent 0 0 20 0 0 0 0 0 0 0 
Total 592 451 308 1052 626 728 285 636 555 401 
Family labour input (workerdays) 
324 Crop cultivation 418 422 219 634 338 332 299 477 382 
Livestock 111 109 44 22 45 110 133 129 244 43 
Wood sold 25 31 0 0 0 0 0 0 0 0 
Firewood own use 44 36 36 44 72 58 36 27 36 36 
Off-farm work 0 17 25 200 100 28 0 80 0 60 
Other 2 11 15 4 12 15 12 9 8 10 
Total 598 627 338 904 566 543 479 725 668 463 
Staples consumed (kg)c 
Rice 477 241 249 389 395 282 152 418 232 329 
Maize 78 65 50 225 220 168 144 100 197 158 
Gaplek 169 226 372 229 824 484 642 440 492 728 
% rice purchased 0 25 36 39 51 14 33 24 35 27 
Wood cut (m^) 
Firewood consumed 4.8 3.9 3.9 4.8 7.8 6.2 3.9 2.9 3.9 3.9 
Firewood sold 2.8 3.5 0 0 0 0 0 0 0 0 
Charcoal sold 0 0 0 0 0 0 0 0 0 0 
Timber own use 0.2 2.0 0 0.6 0.5 0 0 0.6 0.4 0.5 
Timber sold 0 0 0 0 0 0 0 0 0 0 
Total 7.8 9.4 3.9 5.4 8.3 6.2 3.9 3.5 4.3 4.4 
Note:^ For definition labour force: see table 8.6 
^ * is held under gaduhan contracts 
c all staples in cookable condition 
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L^gunai: 
household code: 
- plot unit file 
- text 
11 
L7 
12 
LI 
13 
L9 
14 
L2 
15 
L3 
16 
L6 
17 
L8 
18 
L5 
19 
LIO 
20 
L4 
Size 6 6 4 5 4 4 3 5 7 4 
School-going children 4 1 0 0 1 1 0 2 2 0 
Labour forced 2.5 6.0 3.5 5.0 3.0 2.5 1.5 3.5 4.5 3.5 
Landholding (ha) 2.3 2.44 0.63 1.89 1.26 0.72 0.79 1.38 0.84 1.52 
Cattle^ 0 3 0 1 *1 1 0 1*2 1*1 
Goats^ 0 2 3 2 *1 1 *4 0 1*1 
Standing stock (m3) 26 36 6 57 33 15 13 25 15 74 
Net income (xlOOO Rp) 
Crops 80 605 301 280 341 147 156 315 165 337 
Wood 35 135 60 63 60 21 115 130 42 135 
Livestock 15 300 30 110 58 45 30 123 173 162 
Off-farm work 300 0 50 0 30 30 20 15 240 15 
Remittances 0 0 0 0 0 0 35 0 0 0 
Rent 0 10 0 0 0 0 0 0 0 30 
Total 429 1050 441 453 489 243 356 583 619 678 
Family labour input (workerdays) 
Crop cultivation 169 389 265 508 404 296 103 103 203 331 
Livestock 0 37 66 153 132 130 90 199 220 265 
Wood sold 44 60 80 83 73 22 20 47 16 150 
Firewood own use 36 36 36 44 36 44 36 36 36 27 
Off-farm work 200 0 50 0 40 40 0 15 140 15 
Other 0 12 9 9 15 12 2 7 12 5 
Total 448 871 506 797 699 546 249 486 626 792 
Staples consumed ikg)c 
Rice 430 613 232 311 420 303 184 148 243 251 
Maize 33 330 270 127 193 47 56 112 69 179 
Gaplek 340 748 260 448 225 276 344 516 236 558 
% rice purchased 93 33 86 64 24 66 65 68 82 64 
Wood cut (m^) 
Firewood consumed 3.9 3.9 3.9 4.8 3.9 4.8 3.9 3.9 3.9 2.9 
Firewood sold 0.4 0 0 0.3 1.4 1.1 0 3.5 0 5.6 
Charcoal sold 1.5 2.3 3.0 3.0 2.3 0.5 0.8 0.6 0.6 3.8 
Timber own use 0 0.5 0 1.5 0 0 0 1.5 1 0 
Timber sold 1.0 0 0 0 0 0 2.0 0.5 0.3 0 
Total 6.8 6.7 6.9 9.5 7.6 6.3 6.7 10.0 5.8 12.3 
Nole:^ For definition labour force: see table 8.6 
^ * is held under gaduhan contracts 
c all staples in cookable condition 
Mendak: 
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household code: 
- plot unit file 21 22 23 24 25 26 27 28 29 30 
- text M8 MIO M6 M5 M3 M4 M9 M7 Ml M2 
Size 4 3 4 4 8 3 5 8 6 6 
School-going children 0 1 1 0 1 1 1 2 1 2 
Labour forced 2.0 2.0 3.5 2.5 4.0 2.5 4.5 4.0 4.5 4.0 
T -andholding (ha) L45 0.94 1.48 1.87 1.25 1.12 1.00 1.10 2.83 1.56 
CatUe^ 0 1*1 0 2 1 0 2 0 2 
Goats^ 0 0 0 1 0 0 0 *3 2 
Standing stock (m3) 8 7 6 59 11 3 3 5 9 6 
Net income (xlOOO Rp) 
Crops 259 133 344 373 307 284 71 292 420 396 
Wood 30 0 0 50 0 75 24 30 12 12 
Livestock 13 150 133 18 178 95 0 206 35 210 
Off-farm work 15 100 300 15 0 25 15 0 30 40 
Remittances 0 0 10 0 0 0 0 0 20 0 
Rent 50 0 0 0 0 0 0 0 0 0 
Total 367 383 787 456 485 479 110 528 517 658 
Family labour input (workerdays) 
Crop cultivation 259 327 379 324 236 377 234 556 647 468 
Livestock 23 219 109 0 244 110 2 219 67 265 
Wood sold 39 0 0 40 0 101 32 39 17 16 
Firewood own use 36 36 44 36 36 36 72 72 36 36 
Off-farm work 25 100 120 10 0 25 20 0 30 40 
Other 15 11 3 0 6 9 10 11 13 10 
Total 397 684 655 410 520 657 368 899 807 824 
Staples consumed (kg)c 
Rice 211 280 359 388 249 299 162 369 348 259 
Maize 127 186 121 88 21 221 30 178 169 240 
Gaplek 198 684 194 648 792 558 653 212 670 864 
% rice purchased 47 71 56 36 36 34 37 16 20 39 
Wood cut (m^) 
Firewood consumed 3.9 3.9 4.8 3.9 3.9 3.9 7.8 7.8 3.9 3.9 
Firewood sold 0 0 0 0 0 0 0 0 0 0 
Charcoal sold 1.5 0 0 1.5 0 3.8 1.2 1.5 0.6 0.6 
Timber own use 1.5 0 2.5 5.0 0.2 0.2 1.0 1.0 0 0 
Timber sold 0 0 0 0.2 0 0 0 0 0 0 
Total 6.9 3.9 7.3 10.6 4.1 7.9 10.0 10.3 4.5 4.5 
Note:'^ For definiiion labour forcc: see table 8.6 
^ * is held under gaduhan coniracis 
c all staples in cookable condition 
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List of institutions consulted for secondary material 
Indonesia: 
Arsip Nasional, Jakarta 
Perpustakaan Nasional, Jakarta 
Biro Pusat Statistik, Jakarta 
Badan Meteorologi dan Geofisika, Jakarta 
Jawatan Topografi ABRI, Jakarta 
Musium Kehutanan, Gedung Manggala Wanabakti, Jakarta 
Badan Koordinasi Survey dan Pemetaan Nasional, Cibinong, Bogor 
Pusat Penelitian Tanah, Bogor 
Pusat Pendidikan dan Latihan Kehutanan, Bogor 
Fakultas Kehutanan, Universitas Gadjah Mada, Yogyakarta 
Fakultas Pertanian, Universitas Gadjah Mada, Yogyakarta 
Fakultas Geografi, Universitas Gadjah Mada, Yogyakarta 
Puspics, Universitas Gadjah Mada, Yogyakarta 
Pusat Penelitian Lingkungan Hidup, Universitas Gadjah Mada, Yogyakarta 
Pusat Penelitian Kependudukan, Universitas Gadjah Mada, Yogyakarta 
Pusat Penelitian Pembangunan Desa dan Kawasan, Universitas Gadjah Mada, 
Yogyakarta 
Pusat Pengabdian Masyarakat Desa, Universitas Gadjah Mada, Yogyakarta 
Perpustakaan Kraton Kesultanan Yogyakarta 
Perpustakaan Kantor Pemerintah Propinsi Daerah Istimewa Yogyakarta (Kepatihan), 
Yogyakarta 
Musium Sono Budoyo, Yogyakarta 
Dinas Kehutanan Daerah Istimewa Yogyakarta 
Kantor A^aria Propinsi Daerah Istimewa Yogyakarta 
Proyek Irigasi Kali Progo, Departemen Pekerjaan Umum, Yogyakarta 
Kantor Pemerintah Kabupaten Gunungkidul, Wonosari 
Badan Perencanaan Pembangunan Daerah Tingkat II Kabupaten Gunungkidul, 
Wonosari 
Dinas Pertanian Kabupaten Gunungkidul, Wonosari 
Kantor Agraria Kabupaten Gunungkidul, Wonosari 
Kantor Statistik Kabupaten Gunungkidul, Wonosari 
Kantor Kecamatan Panggang 
Kantor Kecamatan Paliyan 
Australia: 
Australian National University Library, Canberra 
National Library, Canberra 
The Netherlands: 
Koninklijk Instituut voor de Tropen, Amsterdam 
Koninklijk Instituut voor Taal-, Land- en Volkenkunde, Leiden 
